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1.0 EXECUTIVE SUMMARY

1.1 The Purpose and Major Findings of the Study

The purpose of this study was to examine thg'economic
‘éotentiaL defiﬁed for this study as cost savings of %n ERTS type
satellite ih the development, updating and maintenange of a nation-
wide land cover information syétem in the post-1977 ﬁimé f;ame.n As,
envisioned in this study, the national infermation svstem must:bé
capabie of satisfying at least.the land cover infeormation réqﬁirements
of alllFederal civilian agencies ﬁnder existing Eederal statutes. |
The study examines several alternati?e acquisition systems for
land cover data and the rele%apt information acguisition,
data processing and interpretéﬁion costs asscociated with each
alternétive. The basic pfdblea was ﬁordetermine, on a total life
cycle cost#basis, under which conditioﬁé of user demand (area  of
coverage, freguency of coverage, timélihess of information, and
level of informaéiou detail) an ERTS type satellite would be cost
effective and, if so, whdg would be the annual cost-savings
benefits.

Major conclusions of this study are:

1. An ERTS £ype satellite is a cost-effective system

for satisfying the expected level of dewmand for land

cover information in the post-1977 period. "This is predicated

upon an annual demand level of six times coverage of the

*Throughout this report we refer to life cycle costs which were
computed over the peried 1975-1993 in 1973 dollars discounted at
10% to 1974. ..



continental Unite@ States plus Alaska, with each mapping
migsion to he completed within 60 days and the mapping
information classified to Level II detail, (USGS -
Circular 671 classification scheme) and more detailed
coverage (Level IIX) of the same areé once eveEy five
years. To satisfy this demand level, the cost-effec-

tive system reguires two satellites simﬁltaneously in
orbit. Howecvexr, high and low altitude aircraft with
g¥0und survey teams are also necessary components of a cOft—
effective data acguisition and processing system for
~this level of demand.

2. A three-satellite system with high and low altitude
aircraft and ground survey teams is cest-effective at

an annual demand level of twelve times coverage of the
U.8. at Level II, with each mapping mission to be
completed within 30'aays and Level III coverage of the
U.S8. once every five years.

3. 1In thelpost—l977 time frame, automatic (e.g, éomputer)
interpretation and classifiéation technigues will be
technically and economically preferred over manual

interpretation methods.



4. The expected annual cost savings that accrue .
from an operational ERTS as a component of a Nationwide
Land Cover Information System is $23 million of un-.

discounted 1973 dollars (as compared to an aircraft.

only system).

5. The'satellite configuration assumed for purpoées of
this analysis is not the optimun configuratiﬁn to
accomplish both the U.g. and the globai covefage,ﬁigéions
at minimum cost. Further cost éavings can be realized

by modifying the configuratién of an operational ERTS

systemn. Aljoint systems engineering and ecconomic analysis

of various satellite configurations for accomplishing

bofh missionslshould be.undertaken.

The following sections of this chapter will address several
important questions relevant to” the purpose and findings of this
study. What is the basis or need foﬁ.a natlonwide land cover
information system and how might such a system be organized
and operated? What will be the likely demand for land cover
information in the post-1977 time frame, and what are the technical
alternatives for satisfying these demands? Finally, what .are

the major variables which impact the life cycle cost of the




altermative data acguisition systems and which system alterna-
tives are economically preferred at various levels of demand for

land cover information?

1.2 The Weed for a Nationwide Land Cover Information System

In July of 1973, a Federal Mapping Task Force'which
had earliex been establi;hed_by the Director of éheloffice of
Management and Budget issued a report* on Federal aéency surveying
and mapping activities. This. . report summarized the work and
results of a major inguiry concerning: (1} the existing data
collection pxpgréms of various Fedefal civil agency and military
domestic mapping programs, and (2) an inveétigation of svstems
and procedures to achieve both‘improvéd economies in these data
collection programs and increased responsiveness to user needs.
The Task Force report underscored three major problems whiéh
have long been associated with Federal civilian mapping programs:
@ uncoordinated, single-purpecse surveys and mapping
which benefit only one user agency
@ a growing mass of unmet national demand for mapping
data and products
& the inability of the present structure of data
collecticn programs.to deal efficiently and responsively

with growing and changing demand regquirements.

# Report of the Federal Mapping Task Force on Mapping,

Charting, Geodesy and Surveying, July, 1973
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Throughout our own study we have repeatedly confirmed
these earlier observations. We have inquired into the present
day data collection activities of various Federal agencies, we

¢

have studied répérts on the utility of more extensivé and more
timely eaxth resourcés information, and we have inte;viewed
responsible officials of ;ivilian Federal agency;mapbing programs
concerning their data needs and their present efforts. We find
that the need for land cover information in the United States far
exceeds the present day data ceollection activities.

We égree with the primary con&lusion of the Federal
Mapping Task Force, that in order to rectiff this imbalance
most efficiently, there is an urgent need to conscliidate the
fragmented data coliebtion efforts of the many Federal agencies

into a new centralized mappinglorganization. This need leads

directly to a Nationwide Land Cover Information System.

1.3 Conceptual Description of a Future Natlonwide Land

Cover Information Svystem

Figure 1.1 provides an overview of the organization
and operation of a future Nationwide Land Cover Information
System. At the outset, two points must be clearly understood.

We have not undertaken in this study a svstens endgineering

analysis of a Nationwide Land Cover Information System. We have

T T I R LR I A Smby
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only sketched out cur own rough concept of a national informa-

tion system for the purpose of identifying the cost elements

that are relevant to a cost gffectiveness amélysis of an ERTS type
satellite as a major information acquisition componeAt. A

second, related point is that we considered in this analysis

only the central :core of 2 nationwide Land coverjinfgrmation_system.
It is likely that there will be a network of user service
facilities, organized perhaps on a regional basis, which will
distribute resource management data products from the core

facility to the various users. The support network of user ser-

vice centers has not been considered in this study since the

investment and operations cost of any such retwork would be

common to all the alternative data acguisition systems.

Table 1.1 lists the remote sensing platforms which acquire data
for the national information system.. The projected 1977 capabi-
lities of the several sensors for acguiring infermation at
various levels of detail are shown in Table 1.2. The method of
processing and classification, manual or automatic ({(computexr)
techniques has a major  influence in this regard. Using manual
interpretation ﬁethods, ERTS images can provide Level I infor-
mation, as has been demonstrated by several ERTS investigators
(See References 1, 6, 8 and %9 on page III - 19 of Appendix I;I).

Many investigators reported manual mapping of sowme Level II



Table 1.1 Remote Sensing Data Acguisition
Elements For A Hationwide Land
Cover Information System

Platform . Sensor

Satellite - ERTS -type Multispectral scanner
Return Beam Vidicon

High Altitude Airxcraft-U-2 Multigpectral Scanner
& inch metric camera

Low Altitude Aircraft - 9" x 9" 1:24,000 photo~
Commercially Available graphiec images

Table 1.2 Projected Sensor Capabilities

For Acquiring Informaticon At
Various Levels of Detail

Manual Processing Automatic (Computer) Processing
ERTS HA GT ERTS, HA GT
Level I ¥ /‘ v Level I v v v
Level IT _ v v Level II v Y
Level ITI Y | Level III v /

categories from ERTS but they could not satisfy the 90% accuracy

standard recommended in the USGS-Circular 671. Typical accuracies

reported for Level II information obtained via manual technigue’s

range from 50% to 70%. Computer processing and classification

techniques are relatively new and the state of the art is in its



ihfancy, Already, very pronmising results have been reporfed by
ERTS principal investigators; the only type of information for
which consistent difficulties hawve been encountered_is the Urban
.subcategories‘of the USGS land use classificétionlscheme, speci-
fically, Urban-commercial, Urban-—-industrial énd Urban éervices,
With the exception of these Urban subcategories,- computer

processing of ERTS images will undoubtedly permit the mapping of

Level I information* at 90% accuracy standard. Figure 1.2 is
an example of a computer generated color coded land use map
prepared by NASA/JISC Earth Resources Laboratory of the

Mississippi Test Facility in. Bay St. Louis, Mississippi.

1.4 Overview of the Study Approach

Figure 1.3 depicts the study apprcach in overview form.
The analysis begins with projections of the demand for land cover
information which each technology system must satisfy on an equal

capablility basis. For the purposes of this analysis only demand

which requires full target coverage is considered. Thus, demand

requirements which can be satisfied by a probability sample of a
given target area have been excluded Ifrom our analyéis.

The analysis of demand for remotely sensed land cover
information focuses on four major characteristics of user demand:

area of target, timeliness of information, fregquency of update,

*See References 1¢, 13, 14, 15 and 17 on page III-2Z0.
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and level of information detail. The target area refers to the

percentage of the United States that must be covered to satisfy a
specific demand reguirement. Though actual user desired targets

vary continuously from small regions of the United States to the

full United States, this analysis classifies user demand into one

of four area reguirement categéries: i00%, 10%,° 1% br .1% of

the United States. Timeliness of information (also called user

time window) refers to the maximum alliowable elapsed time (in days)
during which the remote Sensipé of land cover information must be
completed in order éo gatisfy the usér. This important
charactexistic varies from once every five years to weekly.

The frequency of coverage refers to the number of times that

targets of a given size} timeiinesé and level of detall reguire-
-ment are covered during one .year. Note that the frequency of
coverage is a composite of users who want repeated coverage of
a given target area as well as users who want one-time _ 7J

coverage of targets of a given size which are geographically or

temporally distinct. The level of information detail reflects

the scale required which, in turn, is determined by the type-
of information needed to fulfill the user reguirements. In
our study, Level I information corresponds to a mapping scale

of 1:500,000, Level II, 1:125,000 and Level III, 1:24,000.



Using the above four demand characteristics, ajsearch
was made of the existing Federal statutes that either mandate
or enable Federal civil aﬁency land cover mapping programs. An
énalysis of Feéeral Agency demand for remoteiy'senséd land cover
information in the 1977 time frame (under existing Federal statutes)}
was made for the “land use plagning community“and seéarateiy, for
"all land cover users.” Our detailed findings afe documented
in Chapter 3 and Appendix III of this report. After eliminating
ocverlapping data gathering requirements of the wvarious Federal
agency users, we concluded thal most of the Federal demand
reguirements for both user groups is for Level II informatiocon;
the coverage requirement extending over the entire continental
United States and Aléska land area at an annual mapping freguency
of four times, seasonally, i.e. within 90 days. The vast majority

of Federal agency demand for full target co%erage (non-sampling

applicationsg) arises from the land use planning community. We

did not idengify any‘Federal requirements for Level I info?ma—
tion‘for either the land use planninq‘community or other
Fedefal land Cover users. In any évent, howewveér, it should be
noted that ievel IT mapping information can readily be aggre-
gated to provide Level I information. We did find substantial
Federal demand for Level III information, but full coverage of

the United States is required only once every five years.



Pemands upon a national iand cover informatioﬁ system will
not be limited to Federal users only. A separate ECON study
documents the need for earth_resoufce managément data from state;
fegional and lbcal government units as well as the néeds of the
industrial and academic community. Quantitative estimates of the
demand for land cover information in the post- 1977 éeriod:from all
souxrces are highly uncertain,.at present. We have therefore
explored the economics of ERTS over a range of future demand levels,
from tﬁo.times coverage-of the U.5. at Level II within 180 days to
twelve timesxcoverage.of the.U.S. a£ L.evel II within 30 days.

On the suppiy side af the analysis, there are several
alternative technical systems éonsidered,for the acquisition aﬁd

_processinq of the l%nd cover user rgq;estcd data. Each tecﬁnical
system is made up of two or more of thfée-basic remote sensing
components; namely an ERTS—lltype satéllite, high altitude air-
craft and a grouhd truth system which is defined to mean a low
altitude aircraft with gr;und feolleoew up teams. These remote
sensing components (hereafter designated 8, HA and GT), are
combined to form the several data. acguisition systems indicated
in Table 1.3.

For purposes of this analysis, each of the two and three

tier technology choices listed in Table 1.3 has an implied



Table 1.3 Alternative Data Collection Systems For
Nationwide Land Cover Information System
[

Three Tier Systems Two Tier Systems

‘1. S/HA/GT 1) HA/GT .

2. 25/BA/GT 2. s/GT

3. 3S/HA/GT 3. 28/GT

4. 3s8/GT
Legend: $ refers to an ERTS type zatellite
Ha refers to high altitude aircraft (U2}
GT refers to low altitude aircraft and grocund
.survey follow up teams

priority ranking associa£ed with the use of its constituent data
acguisition systems. The priority ranking 1is defined by the
ordering‘of the components oﬁ é given technology choice. For
exanple, the S/HA/GT technology implies that in our analytical
models the satellite component will satisfy as much of the user
demand as is possible, consistent with its capability to satisfy
the level of information detall requiiement'éf the usex, and the
user timeliness requirement and to overcome cloud cover problems.
Whatever portion of user demand that cannot be satisfied by the
éatellite is assigned to high altitude aircraft and whatever

~

demand is left unsatisfied by that component is assigned to the

_greund truth system. To illustrate, if the user demand were to

ez e e mar s 2 et bt 8 b A et St e T St g s e ote

obtain LLevel ITI information over one tenth the area of the



U.S. within a specific 30 day period then, given aﬁrlslday-
satellite revisit time, the satellite would acquire only a
fraction, say p , of its assigned target, where p depends

L

the amount 6f cloud interference that it encountered over the

—ﬁafget during-i:é/B basses..'in'this case,“thé high altitude
‘aircraft component (HA) of thelS/HA/GT technology would b%
assigned to provide remote senéing coverage over:that porﬁion
of the user target area left unsatisfied by the satellite.
Moreover, the HA component may also fail to coﬁplete the mission
due to cloud cover problems and tight time reguirements; in
which case, the ground truth component (GT) consisting of low:
alt;tude aircraft and supporting groundnteams are assigned to
compléte-the task. The spécific assumptions'andwmé€H6dolgy
that are used for analysis of the three tier éﬁd two tier
systems are described of this Chapter 4 of the repoxrt,

The analytical models depicted in Figureﬂ;23
allocate the projected user demand to the S, HA and GT components
in accordance with the characteristics of user demand, cloud
cover problems, capabililities of the component sensors anq
operational constraints imposed on the analytical models, Once
Eﬁe demand has been allocated to the £hree ﬁasic remobte éensing
components, the costs ¢f satisfying these demands are calculated
in the costing models, taking into account the many investmeht
and operating cost elements of each system. The basie annual
cost information for each of the technology choilces are then

reassembled and compared in the evaluation model.

1-18



1.5 Results
Life cycle costs were computed for each of the two and
three tier data acquisition systems previously described. Total
program cost comparisons weré made for the a%ternat;ve systems
(l) over a range of land cover demand levels, (2} uéing aptomatic
anﬁvmanual data processing and interpretation tephniques and
(3) under two different user cloud cover requiremenﬁs. The basic
problem underlying and guiding these life cycle cost comparisons
was to determine under which conditions of user demaﬁd {area.of
coverage, freguency of coverage, timeliness of information and
level of information detail) an ERTS type satellite would be cost
effective and, i1f so what would be the annual cost savings benefits.
Our analysis beéins by considering only Federal user agency
demand for land cover information under egisting Feéeral statutes.
Next, we address the nationai resource management informatiocn needs
of all user groups, Fedéral and otherwise. For this case, demand
projection in the post-1977 time frame axre highly uncertain; thus
a parametric demand-cost analysis is made. Finally, in order to
estimate the likelv cost savings benéfits of ERTS, We evaluate the
svystem alternatives for three particular demand scenarios which
we believe will bracket the actual national demand for land cover
informatien in the post -1977 time period. A description of the

resulits of these analyses follow.



A comparison was made of the life cycle costs reguired to

;satisfy 1977 Federal agency demand using either manual or aufomated
;data proce;sing and claSsifiéation technique§._ Life cycle summary
costs -are shown separétely in Table 1.4 for the ulénd use planning
community" and, separately,. for "all land cover uéers;” The projected
1977 Federél agency-Land Use Pianning demand* principally involves
four times annual coverage of the U.S., at Level II, Level IIIX
coverage of the U.8. once every five years and ﬁractional cqverage
of the U.8. at Level II and Level ITI at more freguent time inter—
vals. The projected 1977 Federal agency-All Land Cover Users
"fdémand*ieﬁcompassés the Léha Use;Riqgﬁiﬁg;demqﬁd'éndiadq;gié?él
fracticnal coverage“bf the U.S. at Level II and Level III at more
frequent intervals. Two'different ﬁsé; cloud cover reguirements,
0-30% and 0-16% allowable cloud coverage, were‘also considered.
The cost-effectiyeness analysis of the technical alternatives for
satisfying Fedéral agencyjinformation demands revealed twco
important results: .

1. An all aircraft =ystem is cost-effective when considering

only Federal agency demands for UfS. coverage and a mixture

of satellite; high and low altitude aircraft provide the

next best alternative.

*Precise description _
demand are provided in Tables 3.4 and 3.5 of Chapter 3.
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Table 1.4

Piscounted Total Program Cost to-Satisfy 1977 Federal Demand
For Land Cover Informaticn Under Existing Federal Statutes
{Miilions of 1973 Doellars Discounted at 10% to 1974} .

User Cloud

Cover
Reguirement !
Allowable Clouds Aliowable Clouds
0-30% 6-10%
User
Group
Manual Automatic Manual Autematic
Interpretation | Interpretation Interpretation Interpretation

Land Use Planninyg
Community Only

A1l Land Cover
Usexrs

518.9 HA/GT
688.9 S/HA/GT

‘937.2 HL/GT
1107.2 S/dAA/GT

316.5 BA/GT
337.1 S/UA/GT

613.3 HA/GT

6l6e.7 HA/GT
786.7 S/HA/GT

1120.1 HA/GT
1290.1 S/H3X/GT

428.0 HA/GT
4%4.2 28/BA/GT

835.7 HA/GT

701 .8 23/HA/GT

Legend: ) S refers
HA refers

GT refers

survey

to an ERTS-type satellite

£o high altitude aircraft (v2)

to low altitude aircraft and ground
follow~up teams

%81.6 25/HA/GT




2. Automatic aata processin techniques are economically

perferred over mahuél methods.
The fact that a satellite component does not emerge as an essential
component of a cost-effective system for safisfying'Federal agency
demand can be attributed to the Lével I1T iﬂfdrmation:requirements
of Federal users. While these requirements cannot -be satisfied
by ERTS, they can be satisfied by high altitude aircraft and at
less cost than‘would be required by low altitude aircraft and ground
survey teamé. Subsequenf analysis shows ;hat the satellite component
becomes economically attractive with increasing Level Ii information
demands and that when the Rrojected demands arising from all éarth
resource management needs are“considered, a "with" satellite system
is cost~effective. . |

As regards automatic versus.manual data processing,
Table ‘1.4 indicates that in every instance of comparison,
‘there are significapt cost savings ad%antages that accrue to the
auvtomatic techngques ove# manual techniqﬁes.. Tﬁis result was to be
expected given the differences in the‘projected capability of these
techniques in the 1977 time frame for acguiring increasingly detailed
land cover.information. Using ERTS, manual technigues can provide
only Level I information with the necéssa;y accuracy while automaﬁed
techniques can provide both Level I and Level II type information.
Similarly, using high altitude aircraft, manqal technigues can provide
Level I and Level II while all levels of classification detail can

be obtained from automatic technidues.



Table 1.4 also provides some interesting insights into
the effects of users cloud free coverage regquirements. As one
would expect, the more stringent cloud free coverage reyuirement
of 0~10% causes a major increase in total program costs. This
is due to the fact that in order to satisfy a fixed user time-
liness requirementf_the'sgtellite and high¥altitude.aircraft
Systems must yield a greater portion of the user target to the
low altitude aircraft and ground survey teams. Thus, in addition
to lncurring expensive investment cost of the satellite and high
altitude aircraft syétems, one is forced to increase the activity
level of the most expensive {incremental cost) data acquisition
component. The impact of more '‘stringent user cloud free coverage
requirement will, of éourse; grow increasingly severe as the user
fimeliness reguirement is-tiqhtened.: éubsequent results Quantify
this effect.

Federal statutory demand for land cover information-
constitutes only a segment: of the'natiqnal demand. State govern=
ments, regiénal;and local governmental units, industrial and
academic users will also contribute to the total demand. It is
difficult to project, guantitively, the scope and nature of the
total national éemand. Consequently, a_pa£ametric set of demand
requirements wére considered which focused on increasiﬁg Level II
information requirements for continental US and Alaska. The
annual Level II coverage requirement was varied from two times

coverage within 180 Qayé each to twelve times coverage within
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30 days for each coverage. . In addition to the varying the full
US-Level II requirement, the parametric demand analysis includes
the cther information requirements* that were projected for the
1977 Federal agency demands fAll Land Cover QSers)‘uhder existing
Federal statutes. j

The results of fhe pargmetric demand ~-- cosé analysis
is shown in Table 1.5. Fbr each demand level, total program
costs are compared for the all aircraft system and -the lowest
cost two or three tier "with" satellite system. This analysts
is based upon automatic data processing methods which pre-
viously were shown to be economically preférred over manual
methods. Itlis clear from this table that ERTS is cost-
effective at an annuai demand level of six times coverage
of ﬁhe U.5. with a user timéliness éeqﬁirgment of 60 davys
for each such coverage. Note however that a two satellite
system is requiréd.ip order to overcome cloua cover problems.
lAﬁother intereéting effee£ concerning the impact of cloud
cover is evident from Table 1.5. The more stringent
cloud cover regulrement (0—10%) reduces the multiple
satellite systeﬁ breakeven demand level. Table 1.5
shows that a two-satellite system is Cbst effective at

six times coverage of the U.S. given a {0-30%) cloud

cover reguirement, while for the same demand level a

three-satellite system is cost effective gimen a (0-10%)

*See Table 3.5 of Chapter 3.
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Table 1.5 Summary of Total Program Cost (1977-1%23) to Provide'Level I Mapping Information
of Continental U.S. and Alaska Using Automatic Data Processing (Millions of 1973

Dollars Discounted at 10% to 1974}

Annual Level I1 Coverage Allewable Cloud Aliowable (Cloud
Freguency -and Cover 0-30% Cover 0-1C%
Timeliness
Twice at 488,5 HA/GT 616.3 HA/GT
180 days each . 546.9 S/HA/GT 779.2 S/HA/GT
Four times at 613.3 HA/GT 835.6 HA/GT
90 days each 701.7 25/HA/GT 881.6 =5/BASGT
Six times at 815.6 HASGT 1137.3 HA/GT
50 days each ‘ 758.4 2S/HASGT 984.4 35/HASGT
Eight times at ' ) 1044.3 HA/GT 1476.5 HA/GT
4% days each 798.2 3S5/HA/GT 1129.5 35/HA/GT
Twelve times at ) 1548.3 HA/GT 2168.3 HASCT
10 days ecach 997.9 3S/HA/GT 1603.4 35/HA/GT

Legend: 5 refers to an ERTS-type satellite

HA refers te high altitude aircraft (U2}
6T refers to low altitude aircraft and ground
survey follow up teans
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clioud cover requirement.r As expected, the cost savings of
the "with" satellite system over the aircraft only‘system
increase substantially as the demand for Level II informa-
tion increases beyond six times coverage of the U.S.

Figure 1.4 displéyslthe cost-capability frontier
for the two user cloud free coverage requirements explored
in this study. The cost-capability frontier is ﬁefined
By the locus of the lowest program cost alternatives for
varying capability levels. The full cosgt ERTS curve re-
presents the cost-capability frontier under the assumption
that the total program cost are barne enfirely by a U.5.
coverage mission. The incremental cost ERTS lineKrepresents
the cost capability frontier under the assumption that the
investment costs for a one satellite system woﬁld be in;
curred in any cvent for a global coverage mission.

Thus far, the analysis hag identified the dosﬁ-
effective mixture ¢f satellites, high and low altitude air-
craft and ground truth for satisfying various demand reguire-
ments that may arise during the period of an operational
Nationwide Land Cover Information System. The final phase
of the analysis estimates the likely future demaﬁds for land
cover information considering all potential users and the
economic benefits that are 1ikely toe accrue to ERTS.

Despite the uncertainpies inherent in estimates of future

nationwide demand, we have defined three demand scenarios
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that we believe will bracket the actual future nationwide
demand for land cover information. Each demand projection
includes all the projected information reguirements of
Federal agency users in 1977 except the full U.S5., Level II
coverage. In addition, wé have included TLevel II informa-

tion regquirements for the U.5. plus Alaska at annual fre-

guencies varying from six times coverage within 60 dayvs each

during the period 19277-1993 to six times coverage within
60 days over the periocd 1977-1980 and eigﬁt times cover-—
age within 45 days each over the pericd 19%981-1993.

The cost-effectiveness analysis for these pro-
jected demand levels is based upon automatic datg preces-
sing methods which previouslyv were shown to be economical-
ly preferred over manual methods. Takle 1.6 displays the
total program costs for the lowest COTt "with" and "with-~
cut" satellite systems to Satisfy these future demand
levéls given a user allowable cloud cover requiremecnts
of 0-30%. Also shown are the net present values (dis-
counted cost savings) aof the lowest cost "with" satellite
system relative to the lowest cost ”withoutf satellite
system and the equivalent undiscounted annual cost savings
of the "with” Satelli£e system over the pericd 1977-1993.
Table 1.7 provides corresponding results for an allowable
cloud cover reguirement of 0-10%. As indicated in these
tables, the annual economic bhenefits (cost savings) of

ERTS as a component of a Nationwide Land Cover Information

i T iR o s e e
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Table 1.6 Discounted Total Program Cost {1977-1993) to Satisfy the Piojccted

Future Nationwide Demand for Land Cover Information -~ Level II
Information —-- Automatic Data Processing =-- Allowable Cloud Cover
(0-30%) (Millions of 1973 Dollars Discounted at 10% to 1974)

Lguivalent
. E Undiszounted
Lowest Cost Het Annual Cost
All Adircraft With Present | Savings
Proijected Level II Demand System Satellite System| Value 1977-19%3
1977-1993 Six times at 60 days . 815.9 758.4 %7.5 7.9
HB/GT . 25/HA/GT

1977-1984 Six timés at 60 days 892.3 797.4 24.9 . 13.0
1965-1993 Fight times at 45 HA/GT 28/HR/GT

daavs
1977~-1980 Six times at 60 days 954.2 K 829.9 124.30 - i7.0
1981-1923 Eight times at 45 - HA/GT 23/HA/GT . : )

days




Table 1.7 ‘Discounted Total Program Cost (1977-1993) to Satisfy the Projected
Future Nationwide Demand for Land Cover Information -- Level II
Information -~ Automatic Data Processing -- Allowable Cloud Cover
{0=10%) (Millions of 1973 Deollars Discounted at 10% to 1974)

652-~T1

Egquivalent
Undiscounted
. Lowest Cost Het Annudl Cost
a1l padrcraft With Prasent Savings
Projected Level II Demand 1 System Satellite System Value 1977-1993
1277-1993 Six times at 60 days 1137.8 984.5 183.1 21.0
HA/GT 38/HA/CGT
1977-1954 s5ix times at €0 days 1251.0 : lLn32.5 218.5 ‘ 3c.0
1985-1993 Eight times at 45 days | HA/GT 35/HA/GT
1977-1980 Six times at €0 davys 1342.7 1072.0 270.7 37.1
1981~1993 Edight times at 45 days HA/GT IS/HASGT
Legend: S refers to an ERTS type satellite

HA refers to high altitude aircraft {(U2)
GT refers to low altitude aircraft and
ground survey follow~up tecams




System are projectéd to range from $7.9 to‘$l?.0 million or
from $21.0 to $37.1 million depending upon the user cloud
cover requlirement. The best point estimate of the annuai
cost savings that accrue to ERTS is probably defined by

;the middle Qf_the projoected range of cost savings; this

being 523 million.

1.6 Reconmmended Future Study Efforts

This study has not attempted to answer all major questions
that arise with respect to a nationwide land cover information
system and/or the role of ERTS in such a system. Indeed, there
are scveral important limitations of this study wﬁich should be -
highlighted:

@ The treatment of the cloud-cover~-data acguisition
problem represents only a first cut analysis. A more in-depth
study of the impact of cloud cover is warranted.

e Within the context of an ERTS type satellite, the
satellite system configuration analﬁzed in this report is not
an eccnomically cptimum one for satisfying both the U. &. and
glohal covexage‘mission. A joint systems engiﬁeering and
economic analvsis of variocus satellite configurations forx
accomplishing both missions should be undertaken. Parameters
¢f the ERTS systems cén be improved, at little added RDRT & E
cost, and with substantial reducticon in total space system life
cvcle costs. These include the life time of spacecraft and

instrumentation, reliability of space system and subsystems,



onhboard data processing - data relay systems - ground processing
(vreal time), and space shuttle system impaét on reducing launch
cost (joint missions to polar orbits), subsystems costs and
m@hor repair and refurbishment capabilities. 2All of these
pdtentially im?ortant {and cost saving)aspects have not been
considered here;

@ Satellites with greater fechnical capébility than
ERTS (higher spatial and spectral resolution) have not been
considered in our analysis. Though we have postulated the use
of an ERTS type satellite over the{l977*l993 time frame, we
do not rule ocut the possibility of realizing further cost
reduction by the introduction of more sophisticated satellite
system such as EOS in the 1980's. The economically preferred

ICC date of an a@vah;ed satellite system should be investigated.
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2.0 CONCEPTUAL DESCRIPTION OF A FUTUKE NATIONWIDE
LAND COVER INFORMATION SYSTEM
In Chapter 1 we have described the need for a caentralized

land cover information system. In this chapter, Qe discuss in
overview form the anticipated components, organization, and
operatién of such a system. Figure 2.1 presents é conceptual
diagram of the flow of information through the syétem. At the
cutset, two points must be‘cleariy uvnderstcocod. As indiéated-in
Chapter 1, we have not in this study undertaken a systems engin-
eering analysis of a Natlonwide Land Cover Information System. We
have only sketched out our own rough concept of a national in-
formation system for the purpose of identifying the cost ele-
ments that are relevant to a._cost effectiveness analvsis of
anlERTS type satelliﬁe as a'major information acquisition com-
ponent. It ig likely that there will be a network of user
service facilities, organized perhaps on a regional basis which
Wwill distribute resource management data products from the core
facility to the various users, The supperting network of user
service centers have not been considered in this study since
the investment and operations cost of any such network would be
coemmon to all the alternative data acduisition systems consid-

ered here.

Table 2.1 lists the remote sensing platforms which
acguire data for the national information system. The Projected
1977 capabilities of the several sensors for acguiring infor-

mation at various levels of detail are discussed ilater in this
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_;Table 2.1 Remote Sensing Data Acguisition
Elements For A Natioawide Land
Cover Information System

Platform Sensor

‘Satellite ~ ERT3 =type Multispectral scanmnner
: Return Beam Vidicon

BEigh altitude Alrerafe-Uu~2 Multispectral Scanner
6 inch metric camera
Low Eltitude Aircraft - . 9% x 9% 1:24,000 photo-
Commercially_ﬁvailable ' .graphic images
Chapter. The investment and cperating costs of the various

sensors are discussed in Appendix III of this report.
2.1 Functions of a Land Cover Infermation System

The major functions of a Land Cover Information System
are four: (1) Control and opefation of the sensors, (2)
Acguisition of the sensor data, (3) Preprocessing and inter-
pretation of the data, and {4) Dissemination and archiving of
the resultant data products.
2.1.1L Control and Operation

The control and operation of the sensors consists of
their scheduling and méintenance in a manner which coptimizes
the available coveradge. In the case of the satellite syséem,
this function consists of compiling the orhbit parameters and
time phasing of the satellites in a manner which would maximize

the utility of the coverage. Once in crbit, however, the



gsatellite is particularly insensitive to isolated user demands;
‘and the control responds mainly to preestablished priorities
such as the maintenance of the overall best time of day for
coverage.* In the case of the high altitude aircraft, the con-
‘trol and cperation is a highly interactive procedure. The air-
craft must respond not only to the user demand but alsc to
the effects of cloud cover. The maintenance of the aircraft
and the aircraft bases to provide for high aircréft availability
is a necesgary subfunction. In the case of ground truth, which
we have defined as a combination of low altitude aircfaft and
ground survey teams, this function corresponds to the éStéb—
lishment and development of relations with several commercial
firms capable of satisfying data and imagery reguirements with
.alvery gshort lead time. Such a relationship is necessary in
brder to previde tiﬁely information reqguired by the users.
2.1.2 Acquisition

With fhe capability for the timely coverage of the user
regquired area well controlled, the second major function of
the Land Covar Informatian System is the collection of the
data from the various sensors into a centralized location. The
satellite in orbit will transmit data to two ground receiving
stationg, one in Fairbanks, Alaska and the main receiviné and
processing station in Sioux Falls, South Dakota. These two
stations allow for the real time coverage of the entire con-
tinental U.S., and global coverage is also possible using oniy

the two ground stations by the transmission of the on hoard <

*A high resolution pointing imagery (HRPI) as propcosed
for an EOS satellite would make the satellite especially respon-
sive to the isolated demands.



recorded data during the nighttime passes of the satelliie.
The data transmitted to the Faiibanks station may be relayed
by a direct, high guality phone or radio link to the station
‘in Sioux Falls so that the delay involved in the mailing of
the digital t%pes does not hinder the timeliness of the in-
formation. In any event, all satellite data will be collected

onto digital tapes at the S5icux Falls processing;center.

In the automatic data processing mode high éltitude
aircraft wi}l collect data by means of a multispectral scanner;
this data‘will be in a digital form when the planes arrive
back at their bases in Daviton, Denver, and Alaska. Agiin, to
save the time of mailing, acknowledging the utility of;the
timeliness data, the aircraft tapes need not be mailed to Siocux
Falls but instead transmitted by a means similar to the satel-
lite data connection from Fairbanks. For the manual datg
processing mode, high altitude and low altitude aircraft photo-
graphy will be used to acquire land cover data; the rhoto-
graphs could be shipped in an expedient manner to Sioux Falls.
If the time conctraint on this data renders conventiocnal
shipmen£ of data infeasible, then the data could be digitized
by means of a photographic scanning.dev;ce and transmitted teo

Sioux Fallis.

2.1.3 Preprocessing and Interpretation

The third phase, the preprocessing and interpretation
‘of the data, should bhe designed with sufficient flexibility
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to meet the majority of user spocific demands for land

cover information. This process should recognize the data

qeeds‘and formats which are common to many users and handle
all data to meet those needs. Individually tfailored, one-~time
requests should be fulfilled through separate user service facil-
ities, The prepccessing should incltde geometric and radio-
metric corrections of the Aata and the interpretation should
include the classification of the data into land cover categor-
iés at an acceptable accuracy (now considered to be Q0%) . As
this report considers the cost effectiveness of satellite
systems as compared to aircraft systeﬁs &t an equal capabil-
ity, no attempt will be made to detail the effects of user
specific products; rather we shall treat the equél capability
assumption as the fulfillment of the reqﬁests for the standardized
data formats. These. standard data products are hulk imagery, pro-
cessed {corrected) imagery, and interpreted (classified) imagery.
2.1.4 Dissemination and Archiving

The fourth function of the Land Cover Information System
is the dissemination and archiving of the data products. The
system must recognize the fact that uéers.will selidom be
knowledgeéble of the exact satellite image or aircraft-flight
line which is of the most utiiity to their respective application.
An archiving system should be established which makes readily
accessible the characteristic annotations on each image. The

characteristics should include general statistics: the sensor,



longitude, latitude,-cloud cover, time of day,'etc. as well as
unique characteristics such as the geometric anagd radiometric
gualities, the number of land cover categories, EtcT A
computer file of these image-annotations sﬁou}d be maintained
which allows the user to input a specific set cof parameter
reguirements, and a computer search program.woula cutput a list
of the available images which correspond te the given reguire-
ments. The file and the search program could be stored on a
nationwide computer time sharing system to assure that the
users in all regions have guick access to the catalogue. In
addition, special processing centers should be established
which wouid fulfill the isoléted data reguests. These centers
could be 6iv;ded hy "'either region orx discipliﬂe and shculd
have the capability to satisfy all of the specific user data
needs.

The storage of the digital data shoul@ be on high den-
éity digital tapes (HDDRT) wherever feasible since a cempres-
sion ratio of at least 4:1 is possible , decreasing.the physical
storage regulirement. A reliable reccrding device should be
eqployed as the accuracy of the proceésed data 1s o©of the utmost
importance.

2.2 Land Cover Information Products

Recognizing the fact that the variocus land information
disciplines {cartograprhy, agriculture, forestry, etc) have
diverse data reguirements, the products coming ou£ of Sicux

Falls, S.D. should be, within broad limits, individually
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tailored to the specific user demand. :The users will have
highly variable reguilirements upon such‘parameters as scale,
photographic density, spectral bands, or whether a photographic
preduct or a digital product -is mere suitable to Eheir needs.
The output proaucts are divided into 3 basic data modes:

1. Image products

2. Digital products

3. Statistical products

The major portion of the image produéts could
be produced by means of either an electron beam recorder 0r a
laser beam recorder. These devices, which represent the current
state of the art of high resoluticn film recoxders, transform
digitized data into color image products. These products
can be produced at any scale from the digital data by adjusting
the physical printing size of a pixel. These high resolution
film recorders are capable of reproducing either positive or
negative color prints or transparancies as well "as black and
white prints and transparencies. Rgcognizing the diverse needs,
bulk imagery, corrected imagery, classified image?y, and thema£ic

maps will be available through this system.

The digital products will be available in the form of
either computer compatible tapes or line printer maps. Both
the tapes and the line printer maps can consist of the same

data modes as the photographic preoducts, that is, the bulk



imagery, the corrected imagexry, the classified imagery, or
the thematic imagery. In this nannar, the user hasg the
‘capability to order the digitally manipulated data 1in the
precise form ﬁhich is most suitable to his sﬁedific application.
The stétistical products available should be items such
as acreage counts and percentages of a given areé covered by
any given land cover class. The acreage counts would be use-
ful in determiniﬁg items such as crop vield or area of water
in a certain region. The percentages would give the distribu-
tion of various land covex categories within a given area.
2.3 | Techﬂical Alterﬁatives for thexProcessing of Land
Cover Data
0f the four phases in the ccﬁceptual framework of the
Land Cover Information System, tw§ are highly sensiﬁive to
choiées in technical alternatives for thg processing of the
land cover data: (1) the preprocessing and interpretation
and {2} the dissemination and storage. If we assume that the
storage and archive system will be strictly digitized, then
only the preprocessing and interpretation would be highly

impacted by technology choices.



2.3.1 Capabilities of Data FProcessing Alternatives

A major choice encountered in the establishment of
a data processing system is whether to employ manual

photographic technigques or automated digital"techniques in
Preprocessing and interpretation of the data. The capa;

kilities of the twc systéms vary significantly in their ability

to discern levels of detail in tand éover information. Using
gstrictly ERTS multispectral imagery, boeth have demconstrated

the capability to interpret the data for Level I at 1:500,000

of the-USGS Circ¢ular 67L scheme. The manual technigues have
distinguished selected Level IT categories from ERTS imagery

but not fo the overall consistancy required.*‘Automatgd classifi-
catipn‘techniQues on ERTS imagery have demonstrated tﬁe capability
to consistantly extract all the Level TI information a2t 1:125,0008%%
except for the urban categofy. The problems encountered in this
category are 1argelf due to the claszification scheme and not to
either processing techniﬁue. .A; any scale, large flat top build-
ings with parking lots and main access roads could be associated

either with an industrial park or a commercial area; and without

a prior knowledge of the area, the distinction is nearly impossible.

* See references l1,6,8 and 9 on page I1II~-19.

* % See references 10,13,14,15,17 on page III-20.



Using aircraft multispectrail

scanner data,

manual

technigues have demonstrated the capability to extract

Levels I and II information while automated techniques can

discern Levels I,

ITI, and ITITI.

The ground truth data,

by

assumption, will be manually interpreted to extract each of

the three levels of information.

in Table 2.2.

These capakhilities

2.3.2 Problems in Classificiation

As previously mentioned,

in the classification of remote sensor imagery 1S

are summarized

a major difficulty encountered

the strict

compatibility of the categories to the available information.

The USGS Circular 671 attempted to define a

scheme compatible to remotely sensed data given in

ciassification

Table 2.3.

Talkle 2.2 Projected Sensor Capabilities

For Acquiring Information At
Various Levels of Detail

HManual Processing

Automatic

{Computer) Processing

ERTS HA GT ERTS. HA GT
Level I 4 { v Level I~ Y v
Tevel II "4 / Level ITI ‘4 Y
Level III s

Lavel IIX




The category which haé preéented the most consistent diffi-
culties to remotely censed data is the USGS designated Level I
and II Urban category.. In particular. the major peoint of
difficulty is the recognition of the specific categories of
industrial, commercial, and services. The differences

between these physical plants are in general vir%ually, and
visually,'indistinguishable. The current méthod for the
discrimination of these categories is the association of
objects surrounding the point in question. Thus, a commercial

area is identified not conly by the large £flat asphalt rcoofs

of the buildings but alsc by parking lots and main access

Table 2.3 Sources and Scales of Land Cover Information by Level of Detail

Level Source Scale
k) Satellite ) 1:1,G00,000 - 1:250,000
1T Satellite and high altitude 1:250,000 - 1:50,000
é
TII Medium altitude, topographic 1:50,000 - 1:15,000
maps, substantial supplemental
information
v Low altitude, mainly supplementali l:15,000 - 1:1
information

Source: Adeopted from U.S.G.S. circular 671




roads. Unfortunately; industri@l carks have the exact same
chaiacteristics as do certain service installations; and all
classificiation technigues are destined to failure without
ground confirﬁation.

2.3.3 Preprocessing ) :

The preprocessing stage, which consists of refining the
geometric and radicometric gualities of the imagery, assures
tﬁat the images are geonetrically fitted as near as possible
to their actual cartographic locations and that the density of

the image is rendered consistent. In manual technigues, these

cérré;tidhs a£élcompl€£ed‘but Qith a éignificant loss of the
resolution of the‘first‘generation imagery; the largest

scale that will comply with ¥Waticonal Map Accuracy Standards
using manual techniques 1s 1:500,000 - 1:250,000. Using
digital technigues, a program was created which geomebtrically,
sufficiently corrects ERTS imagery in order to correspond to
National Map Accuracy Standards at a scalexof 1:250,000 -
1:125,600. These manual and auvtomatic accuracies”correspond
~te an average rms error of 115 and €0.6 meters, respectively.

The capability to digitally photomosiac has recently also been

impressively demonstrated by the International Business Machines

s o e gt | A ey e



Corporation in a project funded by the Bureau of Land Manage-
ment where they digitally merged eight ERTS frames from success-
ive £wo days into one large (4 X 2} image. RBoth the geometric
and radiometric characteristics of the images are coyparable
to those of a single frame.

The major scource cf the difference hetween the systems
in the maximum locationél accuracy is that the manu;l correcg-
tiong are done through photographic fitting techniques during
which the imagery becomes very distorted at the extieme large
scales. Digital technigues, on the other hahd, employ a
procedure which examines the individual pixels and fits them
to thelr most Likely positional location in a manner to minimize

the overall locational rms error.

2.3..4 Interpxetation

The interpretation phase ©f data processing should be
carried oui by a special purpose computer which is designed
solely to process the land cover inforﬁation since alb least
an order of magnitude decregase in computer time sﬁould be
possible over the other alternative systems. This technology
corresponds to the experimental MIDAS systemn currentlj in
tésting by the Environmental Research Institute of Michigan

which uses a parallel processing computer. {Other established



methods are the table leook=-up approach and the maximum likeli-
hood classifier.) These three alternative classifiers have |
sufficiently demonstrated* that they will be cost effective over
the manual technigues whan copevational demand 1is considéred.

The accuracy and reproducibiiity of results in the automatic
mode are also superior te the manual mode.

The approximate order of magnitude of thg speed in the
aiternative'processing procedures in the MIDAS system, table
lookup, and the maximum likelihood is 1:20:300 times the pro-
cessing time. All of these techniques-employ a.sﬁpervised
classification schenme. It ig highly likely that in the future
development of the state of the art that an unsupervised {(cluster-
ing) methed of classifying land cover information will be
sufficiently develeped to replace the supervised techniques. The
tradeoaff is that the unsupervised technigues require more computer
+ime but less man hours to process an image, but present day
experience with unsupervised‘classifiers does mot warrant their
immediate preferability to the supervised techniques.

The major portion of errors in the auvtomated tech-
nigues arises in the human supervision stage which is the

definition of training samples. If the supervision 1is not

* See references 10,14,15,16,17



accurate, then the algorithms cannot be accurate in their
classifications. Furthermore, for an established automatic
 technique, poor classification accuracy statistics can usually
be traced to the human definition of training samples (i.e.

the characteristics which define the spectrally;homogeneous
group) . Unsupervised technigues should help to alleviate these
errors by grouping strictly by spectral homogeneity and leaving
only the definition of these homogeneous regions to the

interpreter.



3. DEMAND FOR LAND COVER INFORMATION

3.1 Characteristics of Land Cover Information Demand

The analysis of the demand for remotely sensed land -
! _ G ) -
covér "information focuses.on four major characteristics of user

demand: area of target, timeliness of information, freguency

of update, énd level ¢of information detail. The -target area
refers to the percentage of the United States thét must be
covered to satisfy a specific demand reguirement. Though actual
user desired targets vary continuously from small regions in tﬁe
United Statés to the Ffull United States, this analysis classifies
user demand into one of four area requirement categories: 1G0%,

10%, 1% or .1% of the United States. Timeliness of information

{also called the user time window) refers to the maximum allowable
elapsed time {in days) during which the acguisition of desired
land cover information must ke completed in ordexr to gsatisfy the user.

This important characteristic varies from cnce every five years

to weekly. 'The fregquency of coverage refers to the number -of -

i

times that targets of a given size, Fimeli;ess requiremept!“mmsi:m;
and level of detail are to be covered during one year. Note that
the frequéncy of coverage is a composite of users who want repeated
coverage of a given target area as Weil as users who want one-

time coverage of targets of a given siée which are geographically
or temporally distinct. The level of information detail reflécts
the scale reguired which, in turn, is determined by the amount

P

of information needed to fulfill the usevx réquirement. This

characteristic of demand is complex; it reguires further discussion.

<
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For the purpose of this study the level of detail is
defined as fhe-tyﬁe of lang cover iﬁformaticn that can be obtainéd
from remotely sensed déta at several fixed map scales. The
information may be obtained from either aerial phdtagraphy or
femotely Sense& digital data. The three leveis'df iﬁformation
detail (I, II and III}) correspond to the map scales Qf
1:500,000, 1:125,000\and 1:24,600. Land cover aé defined in
this study includes a broad range of earth résoﬁrce fieldé,
each with its own uniqug claésificatidn scheme, Table 3.1
lists the'vérious land cover categories that apply to the
quuireméntS“Of the Federal staﬁutory demands; fhe level of
detail aséigned to these categories reflects fhe estimated
scale needed to obtain that information. Of greatest importance
are the land use iﬁvéﬁtéfy categories Levels f and II} these
categories correspond to the Levels I and II of the U.S.G.S8.
Circulax 671 land use c1§ssification schéme. For land éover
gnformation to be of value, the U.5.G.8. Circular 671 récommends
an ihterpretation accuracy level of 90%. Iin this study this
minimum accuracy requirement is imposed on all three sensors
ERTS, high and low altitude aircraft. As discussed in Chapter
2, the capabilities of ERTS, high altitude aircraft and ground
truth (low altitude aircraft with ground follow up teams) to
acquire information at various levels of detail depend upon the

interpretation technigque that is utilized.

-~



Table 3.1 Land Cover Categories Related to
Federal Statutory Demands
INFORMATION DETAIL. LEVEL
1 2 3 -
(LAND USE INVENTORY)
A, Urban and Built-up Land
1. Residential
a. Single family (high density}
b. Single family {(low density}
c. Multiple family (low density)}
4. Multiple family (high density)
2. Commerical and Services (Including Institutional)
a. Type of Services
3. Industrial
a. Type of Industry
4. Extractive (Excluding strip mining, quarries, and
gravel pits, ete.)
5. Transportation, Communications, and Utilities
6. Mixed {(Including Strip and Clustered Settlement)
7. Open and Other :
B. Agricultural Land
1. Cropland and Pasture
a. Crop Type
2. Orchards, Groves, Vineyards, and Ornamental
: Horticultural Areas
a. Crop Type
3. Confined Feeding Operations
4. Qther
c. Forestlang
1, Deciduous
a. Vegetation Community
2. Evergreen (Conifercus angd Other)
2. Mixed
. Wetland
1. Forested
a. Yegetation Community
2, Non-Forested
a. Type
b, Permanence
BE. Rangeland
X. Herbaceous Range
a. Vegetation Community
2. Shrub-Brushland Range
3. Mixed
F. : Water
1. Streams/Rivers
2, Lakes
3. Reservoirs
4. Bays and Estuaries
5. Other g

E_EPRODUCIBILH‘Y OF THE

ORIGINAL PAGE 1S POOR: s




Table 3.1 Land Cover Categories Related to

Federal Statutory Demands (Continued}

INFORMATION DETAIL LEVEL

1 2 3
{LAND USE INVENTORY) Continued
G. Tundra ’
H. Permanent Snow, Icefields, and Glaciers
I. Barren Land '
1. Salt Flats
2. Beaches (Including Mudflats)
3. Sandy Areas Other than Beaches
4. Bare Exposed Rock
5. Strip mines, quarries, and gravel pits
6. Transitional Areas
7. Other
{SOIL CLASSIFICATION)
A. Groups
1. Families/Associatioens
a. Types
(MINERAL DEPOSITS}
A. Surface (BExtant)
. Strip Mines
a. Ore Type
b. Ore Quality (Economic Significance)
2. Quarrying
3. Potential Deposits (Areas)
B. Subsurface
1. Metallic
a. Type
b. Quality
2. Fossil Fuels (Excluding Petroleum}
3. ‘Patroleum
4, Geothermal
5. Other Non-Metallic




Table 3.1

Land Cover Categories Related to
Federal Statutory Demands (Continued)

INFORMATION DETAIL LEVEL

2 3
(GEOLOGIC STRUCTURE}
A. Anticlines
B. Snyclines
C. Domes
D. Barriers
E. Felds
F. Faults
"G, Fractures
H. Linesaments
I. Karst Topography
J. Bedding
K. Schistosity
L. Stratigraphy
M. Circular Features
(LITHOLOGY)
A, Sedimentary
1. Chemical
EW Type
2. Granular
b. Type
B. Metamorphic
1. TYRe
C. Igneous
1. Intrusive
a. Type
2. '

Extrusive




Table 3.1 Land Cover Categories Related to
Federal Statutory pemands (Continued)

INFORMATION DETAIL LEVEL

(WATER}

‘A, - Standing

1. Lakes (Permanent}

a. Quality ]

b. . Suspended Materials
c. Circulation Patterns
d. Volume

2. Lakes (Ephemeral)

3. Wetlands (Vegetated}
4. e - Wetlands (Non-Vegetated)
5. Reservoirs ’
B, : Flowing

1. ’ Riwvers

2. ) : Streams

3. Creeks

(WATERSHEDS /DRAINACE BASINS)
A. Mapping

B, Permanence (Perrenial, Seasonal, Ephemoral)
C. Discharge (3 Categories)

1. % Categories

aw 7 Categories

D. Flood Potential (3 Categories)

E. Erosion Potential {3 Categories)
F. . Sediment Transport (3 Categories)

(SLCPE}

A. 3 Cataegories

1. 5 Categories
a. 7 Categories

) . (GEOGRAPHIC ASPECT)
A, Ho Level I

1. 4 Categories

a. 8 Categories

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR



Table 3,1 Land Cover Categories Related to

Federal Statutory Demands {Continued}

INFORMATION DETAIL LEVEL

{GECMORPHIC FORM)
a. ' Plains

a. Specific Form (Area Dependent} -
B. High Table Lands

C. Mountains

D. Widely Spaced Mountains

E. . Hills

F. . Depressions

(DRAINAGE PATTERN)
A. ' Trellis

B. : i Derdritic

C. Rectangular

D. Radial

E. Annular

F. Irregqular

) (VEGETATION TYPE}

a. Forest

1. - - Vegetation Community
. Association/Species
. ' Grass

Ehrub

Desert ’ .
Agriculture

moow

(COASTAL ZONE WATER FEATURES)
A. Bays

1. : Circulation Pattern

2. Lo Erodion Deposition

3. volume of Runoff

4. Wind Effects

5. Tidal Effects

6. Upwellings

B. Estuaries

1. - Circulation Pattern

2. . . Erosion Depeosition

3. Volume of Runoff

4. Wind Effects

S. Tidal Effects

b. Upwellings :
1. Saltwater/Fresh Water Delineation

1. Specific Environments (Lithic, Structural,
Erosional and Depositional Processes)




Table 3.1 Land Cover Categories Related to
rFederal Statutory Demands {Continued)}

INFORMATION DETAIL LEVEL

X 2 3

C. Qceans
1. Circulation Pattern
2. Erosion Deposition
3. ‘ Volure of Runcfi
4. ~Wind Effects
5. Tidal Effects
6. Upwellings

. ol ) Tce Quantity

) ) -

- pxtracsted from Earth Satellite Corporation, Interim Report - Analysis of
Costs and Bernefits from Use of ERS Data in State Land Use Planning, Study
for the U.5. Department of Interioxs, Geologlcal Survey, May 1974.

T

3.2 Federal Statutory Demand For Land Cover Information

Federal statutory demand for remotely sensed land cover
information is deécribed in detail iﬁ Sections A and B of
Appendix TII. This informétion hés been condensed inté four
demand matrices representing the number.of uﬁits of demand
created by the "land use plénning community only" and,
separately, "all land ceover nsers" for both the 1974 and 1977
time periods. The four démand matrices used for the analysié
of federal statutéry demand for 1and-co§er information are
presented in Tables 3.2 through 3.5.

The matrices reflect the information demands associated
with specific Federal statutory reguirements and informéfion

collection programs presently in opefation within the Federal



Table 3.2 Federal Statutory Demand for Nationwide Land Cover
Information (Freguency of Coverage) by Land Area and
Level of Classification . !

L Land Use Planning Community Only - 1974'1 ' .

Area Mapred and Classified
Level of -
Classification CUS & Alaska 1/10 Cus 1/100 CUs 1/1000 .CUS
Detail
1
Level I I ——y “T‘—— None idE{itifiEd -—_-!———u“———
- 90 days .
None {
Level II identified 25 ~ == None identified= =" "
1l year . 9C days 90 days 15 cays
Level III once every 1 2 54
5 years '

Legend: The numbers in the lower portion of each cell represent
the indicated annual freguency of coverage. Overlap-
ping demand reguirements of Federal users have been
omitted. {See discussion of primary and secondary
users on page 3=15.) The numbers in the upper portion
of each cell represents indicated wuser timeliness
reguirements.’ _— ’

Rote: CUS refers te Continental United States




Table 3.3 Federal Statutory Demand for Naticonwide Pand Cover
Information (Freguency of Coverage} by Land Area and
lLevel of Classification Dekail

rhll Land Cover Users - lQ?%J

Area Mapped and Classified
Level of cUS & Alaska 1/10 cus 17100 cus | 1/1000 Cus
Classification ¥ - _
Detail
! i
Level T -~~~ - = ok -~ —lone identified == = —— = -
I
i H H
90 days I
'
Level II SRR 25 - o = None identified — =
1
T S
1 year .90 days 7 days 15 days
Level IITY | Once every 2 67 117
5 years

Legend: The numbers in the lower portion of each cell represent
: the indicated annual freguency of ceoverage. Overlap- .
ping demand reguirements of Federal users have been
omitted. {See discussion of primary and secondary
dsers on page 3-15). The numbers in the upper portion
of each cell represents indicated user timeliness
reguirements.

Note: CUs refers to Continental United States




Table 3.4 Federal Statutory Demand for Nationwide Land Cover
. Information (Frequency of Coverage) by Land Area and

Lavel of Classification Detail

[Land Use Planning Community Only - 197?1

Area Mapped and Classified

Level of o
Classification Cus & Alaska 1/10 Cus r1/100 cus 1/1600 cus
Detail
i
; j_ ] .
level I =~ pmoc— - f == = None identified — -+ =~ ———-— -
] ’ ’ M
I 1 ¥
20 days ! 7 davs
1
™ — = None identified = -
Level IT 4 '
I 1co
1 year - 1 year 90 davs i5 days
Level IXIT once every 1 ) 2 104
% vears

Legend: The numbers in the lower portion of each cell represent
the indicated annual frequency of coverage.
Ping demand reguirements of Federal users have been
omitted. (See discussion of primary and seco
on page 3-15). The numbers in the upper port
each cell represents indicated user timelinesg reguire-

ments.

Note: CUS refers to Continental United States

Cverxlap=-

ndary users
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[_All rand Cover Users - 1977 l

Table 3.5 Federal Statutory Demand for Nationwide Land Cover
Information (Fregquency <f Coverage) by Land Area and
Level of Classification Detaill :

i

|

Area Mapped and Classified
Level of
C 5K H 0
Classification US & Alaska 1/}0 cus 1/100 Cus 1/1000 CGsS
Petail
| | !
Level I F-— === ==& e~ == fone identified mebom—me e
t
9¢ days 15 days 7 days 7 davs
I
Level 1 4 12 52 100
1l year 90 days 30 days 7 cays
Level III once every 2 17 063
5 years

The numbers in the lower portion of each cell represent
the indicated annual frequency of coverage. . Overlap-
ping demand regquirements of Federal users have been
omritted. ({See discussion of primary and secondary
users on page 3-13}. The numbers in the upper portion
of each cell represents indicated user timeliness
requirements. :

Legend:

Note: CUS refers to Continental United States




government. The 1554 "land use community only" demand matrix
specifies the number of demand units needed te fulfill the
regquirements of the Fedérai Users Qhose existing programs are
used principally for land use planﬁing purpos;s. The long time-—
liness reguirements and the low amount of demand .in level III

| ) : ‘
reflects a limited number of programs with broad; easily satis-
fied requirements. The 1974 demand matrix for "all land cover
users"” specifies the number-of demand units crecated when the
requiréments of tﬁe broaa lana cover management users are combined
with those of the land use planning community only. The large
increase in demand in the small area cateqorieé (i% and .i%) re-
flects a large number of specific projécts covering a smail, unigue
aréa‘that are needed foday teo fulfill.the 1énd éover management
informatidn‘demands. The demand analysis for the 1977 laﬁd
use planning community timé frame indicates a significant
shift in both the level of information detail and in the
guantity of land cover information. The vast majority of the
projected 1977 Féderal agency land covef demand under exiétinq
statutes is for Level II information._ This shift in demand
arises chiefly from the reguirements of Land Inventory and
Monitory (LIM) programs of the Soil Conservation Service of

the U.S. Department of Agriculture. The statutory basis for

this progrxam is the Rural Development Act of 1972. The LIM

rd

;
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program is itself a central data bank system for resource
management information used.ani.collected by USDA, Under the,
Statutory réquirement, we project an annual demand for four

time coverage of the entire U,.§. at Level II, seasonally,

i.e. within 90 days.

The 1977-all land cover users information matrix gives
the number of units of demand created wﬂen future reguirements
of the land éover maﬂagement users are combined with those of
the land use planning community only. The increase in demand
for level II information which occurs for ‘target areas of
10% and 1% of the U.S. reflects a demand for a periodic monitor-
ing capability to supplement the ex;‘.sting programs. The large
increase in the small area categories of lével ITY rveflects an
anticipated increase‘in demand foxr land cover information by
1977.

The units of demand given in £he four demand matficeé
represent the reguirements of so called primary users only.
Thése are users whose regquirements cannot be satisfied by the
informaticn collection program of any'othef users. In addition,
there are many s¢ called secondary users whose reguirements can
be satisfied by one‘or more primary users. The procedure used
to condense the Federal statutory demand given in Appendix II

into the primary users for each of the four matrices was onec



of elimination of overlapping data gathering requirements. This
procedure assumes that a well-coordinated data collection
program would pe implemented by the various federal agencies

' i

and departments in order to reap the benefits of a nationwide

land cover information system. The demand characteristic cf each

statute noted in Section A and B of Appendix II Qas éompafed
Eo every other statute ﬁo determine which statutory demandg
éoﬁia be satisfied by others. For example, the Flbo& Con-
t;ol A;t 6f 1960 reguires that flood damage be asseséed for
all major floods in the United States. To satisfy this re-
gquirement by 1977, Level II information will be needed within
one week for the estimated 100 flood occurrences during a
year. The National Flood Insurance Act of 1968 reguires in-
formation on these same flood occurrences at the same level
of detail. Thﬁs, when imadery is obtained to éatisfy the
flood Control Act demand it can also be used to satisfy the

National Flood Insurance Act demand.

By process of elimination, the primary users noted in
Tables 3.6 and 3.7 were determined. IOf the primary users listed,
t+hose shown in Tables 3.8 and 3.9 satisfied the reguirements of

the secondary users listed below each orimary user.




Table 3.6 1974 Primary Federal Users Listed By Level of
Detail and Size of Area Affected ’

Level TT - 10% of 13.8.
* pDam Safety Act

Level IJXT - 100% of U.8.
* Rural Development Act of 1872 (L.I.M. Program)

Level IYI - 10% of U.S.
* Geological Survey (Topographic Mapping)
Food and Agricultural Act of 1965

Levegl ITTI - 1% of the U.S5.

* TForest Rescurces Act

* Housing AZct of 1954, as amended
Plant Disease and Pesgst Control Act
Geclogical Survey {Mineral Exzploration}
Fish and wildlife Act of 1950
Water Resources Planning Rect, Alaskan Water Resources
Federal Water Pollution Control Act of 1972

Level TII - 1% of the 0,5,
* Water Bank Act
Bureau of Yand Management
Tayler Grazing Act
Watershed Protection and Flood Protection Act
Flood Control Act of 1980
Forest Pest Contrel Act
So0il Survey Aact
Coal Mine Fire Safety Act N .

& % %

Detailed information for primary Federal users can be found
in sections A and B of Appendix II..

* Federal statutory demand for remotely sensed land cover
information related to land use planning only.




Table 2.7 1977 Primary Federal Users Listed By Level Of
Detail And Size Of Area Affgcted.

Level II - 1030% of the U.5,
* Rural Development Act of 1972 (L,I.M. Program}

Level I1 - 10% of the U.S.
Statistical Reporting Service

Level IXI - 1% ¢f the U.5. :
Federal Water Pcllution Ceontrol Act of 1972

Level II - 1% of the 0.5.
* Flood Contrel Act of 1960

Level FII - 100% of the U.S.
* Rural Development Act (L.I.M, Program)

Level ITII - 10% of the U.5.
* Housing Act of 1954
Fooed and Agriculture act of 1265

Level III - 1% of the U.S.

®* Forest Resources AcCt

* Cooperative Agreements for Surveys and Investigations
S0il Suxvey Act
Plant Disease and Pest Control
Geclogical Survey (Geologic Mapping)
Geological Survey (Mineral Explecration)
Fish and Wildlife Act of 1950
Water Resources Planning Act, Alaskan Water Resources

Level YITI -~ .1% of the U.S.
* Water Bank Act
Bureau of Land Management
Taylor Grazing Act
Watershed Protection and Floecd Protection Act
Flood Centrol Act of 1960
Forest Pest Control Act
Coal Mine Fire Safety Act
Federal Water Pollution Control Act of 1972

¥ ¥ » ¥

Detailed information for primary Federal users can be found
in sections A and B of Appendix II.

* TFederal statutory demand for remotely sensed-land gover
infermation related to land-use planning only.




s

. Table 3.8 1974 Secondary Federal Users and Related
Primary Federal Users Listed by Level of
Detail And Size of Area Affected .

Level ITI - 100 % of the U.S,
*# Rural Development Act of 1972
* Agricultural Research Act
Soil Conservation Act of 19235

Level ITY - 10% of the U.S. :
* Gevlogical Survey (Topographic Happing)

Food and Agricultural Act of 1965
Agricultural Adjustment Act of 1938 (Cotton}
Agricultural Adjustment Act of 1938 (Peanuts)
Federal Reclamation Law '

Level III - 1% of the U.S.
*# FPorest Resources Act
% Tipber- Development Organization
* (Clarke McNary Act :
* National wWilderness Preservation System
* Oregoh and California Grant Lands

Figh and Wildlife Act of 19250
Fish and Wildlife Aot of 1949
Fish and Wildlife Act

Level ITII - .1% of the U.S.
* Hpousing Act of 1954

* HNational Flood Insurance Act of 1968
* Cooperative Agreements For .Surveys and Investigations

* Federal statutory demand for remotely sensed land cever
information related to land use planning only.




Table 3.8 1974'Secondary Federal Users and Related
Primary Federal Users Listed By Level Of
Detail And Size of Area Affected (Continued})

Level III - .1% of the U.S.
* Water RBank Act '
¥ Fish and Wildlife Act of 1956
* Taylor Grazing Act

* Oregon and California Grant Lands
* Watershed Protecticn and Flood Preotection Act

American-Mexican Chamiza Convention Act of 1964

The following acts have extremely broad information requirements
that are gatisfied by the joint demands of several primary
federal users. '

* Outdoor Recreation Act
* Water Resourcesg Planning Act
Geological Survey {Gevlogical mapping}
Extension of Ceooperative Work to Puerto Rico

Wildlife Protection from Pollution
Statistical Reporting Service '
.Agricultural Marketing Act of 1946
Cotton Act

Detailed information for sécondary users can be found in
Sections A and B of Appendix II.

* Federal statutory demand for remotely sensed land cover
information related to land vse planning only.
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1277 Secondary Federal Users And Related Primary

Table 3.9
Federal Users Listed By Lewvel Of Detail And Si-:e
Cf Area Affected. ’ : )
Level II = 100% of the U.S,

# Rural Development Act of 1972 (L.I.H. Pfdgram)

¥*

*
L3
*

% B #

»

Level IT -

Water Bank Act
Agricultural Research Act
Fish and Wildlife Act of 1956
Forest Resouxces AcCt :

* Timber Development Organization

* (Clark-McWNary Act

* MNational Wilderness Preservation Act

* QOregon and Califnrnia Grant Lands
Taylor Grazing Act .
Water Resources Planning Act
Watershed Protection and FPlood Protection Act
Cooperative Agreements For Surveys and Investigations
Water Resources Planning RAet, Alaskan Water Resources
Dam Safety Act
American~-Mexican Chamizal Ccnvention Act of 1964
Housing &Act of 1954
S0oil Conservation Act
Geological Survey (Tepographic Mapping)
Geological Survey (Geclogical Mapping)
Geclogical Survey {Mineral Exploration)
Extension of Cocperative Work to Puerto Rico

Fish and wWildlife Act
Fish and wWildlife Act of 1950
Fish and wildlife Act of 194¢

10% of the U.5.

Statistical Reporting Service

Agricultural Marketing Act of 1954

Cotton Act ’

Plant Disease and Pest Control Act

Federal Reclamation Law

Forest Pest Contrel Act

Food and Agriculture Act of L1065
Agriculture Adjiustment Act of 1238 (Cotton)
Agriculture Adjustment Act of 1938 (Peanuts)

* Federal statutory demand for remotely sensed land cover
information related to land use planning conly.
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Table 3.9 197? Secondary Federal Users And Related Prinary
rederal Users Listed By Level OFf Detail And Size
0f nrea Affected. (Continued)

Level IT ~ .1% of the U.S.
*  Flood Control Act of 1960
+ Mational Floed Insurance Act of 1968

Level ITI - 100% of the U.S5.
* Rural Development Act {(L.I.HM. Pragram)
* pagricultural Research Act
* Geological Survey ({Topographic MapplngJ
*  Dam Safety Act
Sail Conservation Act

Level III - 10% of the U.S5.
‘ * Housing Act of 1954
* HNational Flood Insurance Act

Food and Agriculture Act of 1965
Agricultural Adjustment Act of 1938 (Cotton}
Agricultural Adjustment Act of 1938 (Peanuts)
Fedaeral Reclamation Law ] -

TLevel III - 1% of the U.S5,
* Forest Resources Ac¢t
* Timber Development Org¢nlzatlon
* (Clarke ~ McRary Act
* Naticnal Wilderness Preservation System
* Oregon and California Grant Lands

Fish andg Wildlife Act of 1950
Fish and Wildlife Act of 1949
Fish and Wildlife Act

Geological Survey {(Geologic Mapping)
Extension of Cooperative Work to Puerto Rico

. Federal statutory demand for remotely sensed land cover

.information related to land use planning cnly.

”



Table 3.9 19?7’Secondary Federal Users And Related Primary
Federal Usecrs Listed By Level OFf Dotail And Size
Of Area Affected. (Continued} :

Level III - .1% of the ©U.3.
* Water Bank Act :
Fish and Wildlife Act of 1956

* Taylor Grazing Act
Qregon and California Grant Lands

* Watershed Protection and Fleod Protecticn act
American-Mexican Chamizal Convention Act of 1964

The following acts have extremely broad information requirements
that are satisfied by the joint demands of several primary
federal users.
* Water Resources Planning Act
*  Qutdoor Recreation Act
Wildlife Protection from Pollution
Statistical Reporting Service
Agricultural Marketing Act of 1946
Cotton Act

Detailed information for sécondary users can be found in
Secticons A and B of Appendix II.

* Federal statutory demand for remoiely sensed land cover
information related to land use planning only.




3.3 .Projections of Future Demand for Resource Management
Needs

Federal statutory demand for land cover information
constituteﬁ‘only a segment of the total demand. The entire
iand cover user community'inéludes not only Federal users but
state goﬁernment; regional aﬁd locél.governmental units;: com-
mercial and academic users. In a separate ECON %eport we docu-
ment the sources of deménd for land cover informétioﬁ arising from
resource management needs, An indication of the scope of this
demand is.given in Table 3,10 thch list.eiéﬁt Resource Manage-~
ment Areas. Each Resource Maﬁagement Area has been further sub-
divided according to the Rescurce Management Activities listed
in Table 3.11. Table 3.12 provides an examéle-of the classifica-
tion of fhe ﬁesource”ﬁanagement Area - inlané Water Resources
by Resource Maﬁagement Activiﬁies.

A guantitative assessment of the future demand for land
cover.inférmation arising from rescurce management needs is
difficult given the broad scope of user types. Therefore, a
‘parametric analysis of user demand Qill be conducted éver a
iange of information requirements that are considered to be
feasible during the period of an operatipnal nationwide land
cover information systém- The parametricméemand‘anélysis"
will focus mapping the land over the entire continental U.5s.
and Alaska at Level II information detail and at annual cov-
erage fregqguency ranging from four times, each coveraée withe-

in ninety davs to twelve times, each coverage within thirty

davys.



Table 3.0 Resource Management Areas

1. Intengive Use of Living Resocurces: Agriculture
2. Extensive Use of Living Resources: Forestry,
Rangeland and Wildlife
3. Inland Water Resources
4. Land Use
5. Nonreplenishable Natural Resources: Minerals,
Fossil Fuels and Geothermal Energy Sources
6. Atmosphere 7
7. Cceans
8. Industry .
Table 3.11 Resource Management Activities
w .
1. Cartography, Thematic Maps and Visual Display
2. Statistical Sérvices
3. Calendars
4. Allocation
5. Conservation
G. Damage Prevention and Assessment
7. Unique Event Recognition and Early Warning
8. Research -
9, Administrative, Judiecial and Legislative




Table 3.12 Example Classificatien of Resource
Management Area - Inland Water Resources

m

Resource Management Activity

3.1 Cartography, Thematic Maps and Visual Displays
3.1.1 Map and survey free water areas
3.1.2 Map and survey snow, ice and glaciefs

3,1.3 Map and survey ground water and other acguifiers
bound in the hydrological cycle

3.1.4 MMap watershed areas
3.1.5 Map water pollution

3.1.6 Map potential water impoundment areas

3.2 Statistical Services
3.2.1 Predict fresh water supplies and fleoods
3.2.2 Inventory fresh water supplies and snow cover

3.2.3 Gather information for hydrological models of
water impoundment areas and free water areas

3.2.4 Inspect watér impoundment-areas
3.2.5 HMonitor stream salinity and pollution

3.2.6 Monitor thermal poliution of free water

3.3 Calendars
3.3.1 Monitor changes in free water areas
3.3.2 Monitor changes in snow, ice and glaciers
2,3.3 Monitor changes in ground water and acgquifiers

3.3.4 Monitor evapo-transpiration, so0oil meisture and
water drainage patterns

3.3.5 Moniter cyclical pollution patterns




Table 3.12 Example Classification of Resource
Management Area - Inland Water Rescurces {cont'd)

En

Allocation

3.4.1 Manage water impoundment systems - for power
generation B

3.4.2 Manage water impoundment systems - for flood
control . .

3.4.3 Manage water impoundment systems - for urban
water supply

3.4.4 Manage water impoundment systems - for
commercial and agricultural water supply

3.4.5 Manage water impoundment systems = for
recreational purposes

3.4.6 Manage water impoundment systems - for navigatioen

3.4.7 Plan changes in drainage and water impoundment
systems

Conservation

3.5.1 Conserve fresh water resources

Damage Prevention and Assessment
3.6.1 Assess and reduce flood damage

3.6.2 Reduce damage to water impoundment systems from
'silting and sedimentation

3.6.3 Reduce pollution of free water

Unigque €vent Recognition and Early Warning
3.7.1 Prqvide early warning of disastrous floods
3.7.2 Provide early warning of lake eutrophicatiqn

3.7.3 Honitor changes in sufface water supply due o
: geological changes -- -




Example Classification of Resource

Table '3.12
: Management Area -~ Inland Water Resources

fcont'd)

‘Research

3;3.1 Conduct hydrological research
3.8.2 Conduct flood control research
3.8.3 Conduct water pollution research

Administrative, Judicial and Legislative

3.9.1 Design government programs to reduce flood
damage

3.9.2 1Increase compliance with water polluticn
regulations

3.9.3 Aid in designing legislative controls for
policy implementation

3.2.4 Aid in planning government pProjects for future

water supply




CHAPTER 4.0

- N

QUANTITATIVE ECONOMIC ANALYSIS

_411 ._‘Thefﬁraﬁework of theﬂﬁégno@ig Analfsis
In tryiné to apply ‘economic principleé ;ﬂén dete%mining
the value of satellite 9ys;ems, the analysis is hamperea by one
major drawback when campaf;g to the economic evaluation of other
systems: there does not, .at present, exist.in the ﬁnited States
economy any "free" market where the demaﬁd for satellites and the
supply of satellites are determined.by:the interplay of many con=
sumers and many producers. Rather, we find a Sitﬁation'similaf.

to that of Department of Defense decisions where major consumers

are government agencies such as the National Aeronautics and

Space Administration and thé Department of the‘InteriOfi‘On;the;
" supply side, we find, &t most, ten to twelve major companies
competent to compete for maﬁo; aerosp;ce hardware systems.‘ Thus,
huge investmeﬁt expenditures afe decided on fhe basis of technical
criteria, politicai pr0césses, nationai priorities, etc.

This restriction in the number sf buvers and sellers does
not mean that economic decisions made_%g such an environment have ﬁibe
less rational -than.those 'fnac%e in the. frée market.” However, the ‘means
of arfiving at ecoﬁomic decisions is different. &he basic assunp-
tion of an economiclanalysis in the absence of market indiéators

is, and has to be, that the decisions on the actual budgets --

the budgets for the.19?0'5 and the 1980'51—- do reflect in effect
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‘national priorities:' One has to assume furtherlthat,_within each
agency; the programs selected for implementation outrank, in
priority, projects not undertaken by the agencf. In other words,
we have to make the assumption that the resources allocated to
épace sensiég activities by NASA are efficient in an economic
éenée; that thé needed resources of NASA -are minimized to achieve
3_§iven capébiliﬁy demanded by Congress or the Administration --—
‘i.e:,_cost minimization {%7achievéd ~- or, given the resources
allocated to NASA, a maxXximum capébility ;s developed with these
funds within NASA. Given that the agency funds compete with
‘other progrgms within the Sa;;_agency, the assumption ©of econ- .
omic efficiency w;thin'each agency is not completely unreason-
able. In this analysis,.we do not have to assume that the bud-

get level is optimal.. -

Given this basic assumption, cost-effectiveness analysis,

in a strict sense, is only concerned with identifying teéhhically

rh
t

feasible systems that assufe(either a maximum of ERS capabiiity
at any given budgetrlevel oxr a‘@iﬁimum costlforlany given ERS

capability. Although, in eCOnomic,th;ory this #ask is rather ;;:
straight—forward p in'précticmb ipjprOyeﬁ;veryrdifficult to determine the -

cost-effective systems, either for the present technology or for

thé projected new ERS systems. Figuge 4,1 shows a hypothetical
example of the cost efficiency frontier for ﬁhe ERS program iﬁ
terms of 1975-80 technology. The vertical axis in Figure 4.1

represents fhe capability measuredih terms. .of thexnmﬁer.ofjmngSa-

produced, and the horizontal axis measures the costs (the budgets
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‘ Set of Efficient
Systems {in 1977}

N\ AT

ERS5 Program Cost Per - Year

Figure 4..1 lcal ERS Cost-Efficieney

Frontier




required) to produce that number of images. The figure is basic
to an understanding of cost*effeétiveness caleculations for anal-
yzing the economics of ERTS-like satellites. “The shaded area in

Figure 4.1 shows the region of possible costs*@fiﬁS&wsﬁm&. That. is,

3

a-given space sensing program- capability -of, -say, k‘l can be delivered-. '

for a budget of b The same capability, k can also be produced

1° _ 1’

for more than'bl. Such a cost-capability combination would

lie to the right of k. in the shaded area shown in Figure 4.1

1
below the efficiency frontier ({(cost curve).— Similarly, for the

sameAbudget of 51,_ﬁé'¢ould‘haye é smal}er ERS- ﬁrogfaﬁf for éXf
ample; a capability kb. Again, these combinatiohs would 1£e below
the efficieﬁcy frontier;within the shaded area of Figurer4.i; As

we move from one poigg;ﬁatﬁin the shaded area ;“ the feasible

region of space sensing‘coét combinations —-- toward the left and
.upward,‘we improve the econdmics of systems choice. Cost—effect—
iveness analysis is cpncerned with finding sgtellite sensingkprograms
~where no increased capability {more iﬁgges at a fixed resolution

and from size pfodﬁced per yéar) is possible without a correspon-

-

ding decrease in capability. The setnbﬁ,cost—efficient points--

the cost curve -- is shown by the bounﬁary of the shaded area,
FOFO' in Figure 4.1. By inspection, we see that Pb -- a point not
on the frontier =-- is not cost-effective. The system PO requires

a budget of bD and promises a capability of ko.' We can find other

ERS programs different from P, that offer more capability or less

0

cost or both..



One such program is shown at Pl'with-a budget reqguirement of

1

b. (smaller than”bol and a capability of kl {larger than ko).

From the shape of the COst'efficiency frontier, we also
"ocbserve that, by lncrea51ng the budéet of the‘space sensing. pro-
gram, we increase the leggl of gapability. . But as we move out to
" larger and iarger fundingéievels, aﬁy additional funding yields
smallér-and smaller increments in capability. In other words,
the éhape og the efficiency frontier reflects increasing incre-
mentai cost% as the capability regquirements of ERS. expand. In
Figure 4.1, two'cases are shown to illustrate this point. The
change in capability of Ak is équal ﬁo the change in capability
Ak -~ at a higher fundlng level. But £he absolute increase in
capability is bought at anhlncreased incremental cost (Abr>Ab ).
In many large-scale, advanced technologies, this efficiency fron-
tier may well be alstraighﬁ iine ove£ a considerable range of the
cost efficiency frontier. The intercept of the efficiency fron-

‘tier with the horizontal axis does indicate the minimum (fixed)

costs of buying any amount of space sensing capabilityiss 227157

s L

Thus, a straight line efficiency fron?ier with a positive inter-
cept at the cost (budéet) line would‘indicate an FERS system with
constant marginal‘(incfémental) costs and decreasing average costs.
The case shown in Figure 4;1 is more general and includes, in

principle, the more specific case of the ERS systems.

N



We have focused the discussion thus far on the use of
cost~effectiveness analysis for'evaluating remote sensing sys-
tems. The task of benefit—cost ;nalysis is more demanding.
While cost-effectiveness analy51s trles to 1dent1fy the systems
(for space sensing programs) along the "efficiency frontler“ {the
cost curve), benefit-cost analysis attempts to select a single space
rsensing program from all possible cost-effective pandidates. To |
do this, however, we havejtﬁ use a benefit (ﬁtility or value) mea-—
sure of conceivable space sensing programs within the range of
technologyj-a task we 40 not propose to solﬁe andlwhich may be an
intractable task. Given information on the economic value of
these programs, we can then, in theory, select on optimum space
.sensing proéram. | ]
This choice pgocésé canrbe 1llustrated W1th the ald of
Flgure 4.2 which shows the cost c¢urve and the benefit curve con-
fronting the decision make;.gnd the gctual capability and cost
. levels of ‘several space sensing programs. It should be noted, first of
;11, that ‘the cds£ curve in Figufe 4.2 differs from that shown in
Figure 4.1. The iatter denotes “recu;ring costs per year® as a

function of "capability per vear". The cost curve in Figure 4 2,

ERed

§n the other hand, refers to "total bProgram costs over the entire
planning horizon". Since "total program costs" are incurred over
time, itlmust be assﬁmed that all cbsts aré adjusted for the time
value of ecﬁnomic résources. The time stream of space senshn;proérmn
benefits, summed up in the benefit curve, also is assumed to have

been discounted appropriately.



Figure 4.2 illustrates the general relationship
between the program costs and the program benefits. Obsexrve
that, at higher and higher levels of capability, additional

information becomes increasingly more costly -- the
.incremental cost of information increases while, at- the
r

f
| |

1 ;
I .

{Number of Images)

/Benefits

— e —— v e m— Srwgn  —

Capability

Program Costs and Benefits

(Over Planning'HorizonF_

Figure 4.2 The Cost Benefit Relationship

4-7



same time, thé incremental benefit derived beéomes increas-
ing1y1smaller. The assumption pf progreééively decreasing
incremental benefits is based oﬁ the notion that successive
additions;fo information will be less wvaluable and at some
:-point may Qell reach a 5atq%ation.point, which means that the
benefit curve in Figure 4.2'wi11 eventually become vertigal.

o’ "net program

At ﬁ‘given levelzqf cépability, say k
behefit" is measured by”the horizontal distance between the
benefit and cost curves,. In Figure 4.2, the net benefit at
kG is givén by the distance CD; at kl, itlis given by AB,
Recall that the cost curve is reaily'an efficiency frontier
associatiﬁg a given level of capability with the least cost
" ERS system which, Wiiﬁ'g%ven technoleogy, will provide that
capability. The proper satellite program, therefore, is the
one corresponding to the scenario at which the distance
between the total benefit and the tptal cost curves, i.é.,
the total net benefit is maximized. It is the capability-r
level at which the cost curve and tﬂg benefit curves have
the same =slope, i.e., at which incremental benefits are

just egual to incremental costs. In Eigure 4.2, this optimum

satellite program is kl' S

,mﬁgfving established these fundameﬁtalhpoiﬁts, wewﬁﬁst‘bbserVe

that the benefit relationship of satellite programs within
the range of technology cannot be measured quantitatively
at present -~ if it can ever be. It is for this reason

that in this study we will employ cost-effectiveness
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~analysis to determine the economic ﬁalue ofIERTS in establish-
ment and maintenance of a nationwide land cover information
systeh. The next secticon explains the economic analyses
ﬁossible Wiéhin‘the confineslof cost-effectiveness analysis.

'4.1 Egual Cépability and Egual Budget Analysis of the ERTS
System : . ' . .

"The above general gefinition of qost—effectiveneés analysis
can be applied to the an&i?sis of an ERTS-type satellite systenm.
The ERTS prog?am will change the efficiency frontier {cost curve
of space iﬁforﬁation programs) . In general, technological change

will shift the efficiency frontier F

OFO of Figure 4.1 upward and

toward the left -- i.e., it will lower costs or increase capa-

to F_P

0FO 171 If the

bilities. Figure 4.3 shows that shift from F
ERPS system brings about increased efficienéy at larger scales of

operation only, which appears to be a reasonable assumption, then

the shift in FDFO will take place only at larger cost/budget lev-

4

els and leave the lower pocints of F_F

ofo more or less unchanged.

Therefore, within the confines. of cost-effectiveness anal-
ysis (strictly defined), one may ask the foliowing twoe guestions:

{a) Egual capability efficiency for a given capability
level: What are the net cest savings that can be
achieved by adopting ERTS i(for example, the distance

? i -
POPl). (Figure 4.4). _

(b) Egual budget efficiency: What increases in capability
are brought about by ERTS at the same budget level
after the new system has been introduced?

In this report, an equal capability approach is used for

land,covep,applications'ofIERTS.

the benefit-cost evaluation cf the



Capability (Number of Images)
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. Technology
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Figure 4.3 Cost-Effectiveness Analysis of
Technological Change: The Case
of ERTS
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The egual budget approach could also be analyzed,.but from
both an empirical and theoretical standpoint, it wéuldlappear
to be considerably more difficult to do. This difficulty
primérily arises from the multi—dimensionallcharacteriétics of
capability.' Some acceptable and ﬁon—arbitrgff schgme'pfrm
weighting the different:characteristics of capabilitf

would have tb bhe derive&igefore comparisons could be made
using an eqﬁal budget approach. Thérefore, it would be

much more e;pensive and inveolve much greater risks to
ana%yze ERS using an equal-budget approach; The same
gqualitative answer, i.e., whether to have or not to have an
ERTS-type satellitgfsystem would occur with either type of
abproach, though tﬁéiéﬁagtitativg degree to which an
ERISftype satellite ;;;tém makeqfa difference would differ
with each apprqach.

This study will foéué on lif; cycle cost comparisons
for several "with satellite".remotefsensiné systems and
several "without satellite" remote s;nsing systems (high
altitude énd/or low altitude aircraéﬁ systems with associated
ground support teams). The "with" ;;gl"wifhout" satellite
systems are always compared at the'éggg level of capability,
but demand is wvaried parametrically about the expected level
o% federal civil agency sﬁatutory demand to see whatleffect.

different levels of demand have on the relative merits of a

"with" and “"without"” sateilite system.
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Demand for ; satellite system can be viewed in the
abstract as a demanﬁ for éertaip types of information.
However, fo simplify the analysis without distorting it in
any -essential way, it is necessary to move from the abstract

'representatién of demand for information to?an.appropfiate
physical analoy. Distortion will be avoided if the proper
physical analog is chosén. For our'purposes, the best
unidimensional physicaluanalog for gquantity of.information
demanded appears to be the number QfHERTS¥type frames

‘demanded.

~Demand is subdivided-intd twelve categories. These
categories are based on uéers requirements for geographical
afea of coverage, P;ﬁé;iqess of information, Fhe level of in-
formation detail aﬁéﬁénnﬁﬁl frequency of coverage. If demand
were not subdivided in this manner, then a completely distor-
ted analysis of the "with" and "without" satellite systems
would emerge. This distortion would occur for two reasons:
(1) it would Be unreasconable and ldéically inconsistent to
make an equal capability assumption,. and (2} it would suppress

the relative advantages and relative: disadvantages of the sat-

e

ellite:system for different categories of information.
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Without subdivision of demand, the equal capability assumption
could be set with reguirements such that only the satellite,

. butlnot the aircraft, or only the aircraft, but not the sat-

j ellite, coﬁld satisfy the demand regquirements, The second
reason why l;mping all demand together would lead to a bad
analysis is that the results obtained by using aggregéte dé;
mand by definition omit%fcertain informétion that would be
available from disaggregate demand. Therefore, the :esults
obtained from a disaggregate demand approach shoulé be super-
iﬁr to thése-of an aggregate demand approach.

Tétai coét to meet all réquirements using a mix of
satellite, high and low altitude aircfaft will be compared to
and léw'altitude ai;gégfi‘systems;-—If the tota1 cost is -
less using the "with" sateilite system over the "without"
system, then there is a pbsitivé net benefit to having the
ERTS—type satellite system, (namely{ the equal capability cést
savings) irrespective of its potential role in other applica-
tions. If ERTS: does provide large bépéfits in applications

other than land cover, then the netfﬁgnefit computed for ERTS

in the land cover role will considefably understate the economnic
value of ERTS. This understatement occurs because the land
cover applications in the present analysis will bear the full

fixed costs of the ERTS system.

Q,._’.&_.,



t

4.2 Overview of the Study Approach

In this study the economic value of an ERTS in the develop-

ment, maintenance and updating of a Nationwide Land Cover Infor-

mation System is measured by ‘the equal capability cost savings
that accrue to a "with" ERTS data écquisitionaoﬁgr af“without“
ERTS data collection system. % ; f
The magnitﬁde of'ihe egual capability cost sévingﬁ that
accrue-to a with ERTS system primarily depends upon four factors
o the land cover information requirements imposed
upon the nationwide information system (i.e. user
demand) |
) the set 9f feasible, technical alternative systems
for sa;ﬁ%?fiqg user demand on an equal capability
basis. | |
@ R & b, investment and opefatiﬁns costs regquired for
the implementétion of eééh alternative data acquisition
system
e the economic parameters ased in the evaluation process,
for example, the discou&t rate, the project horizon.

On the demand side, it is necessary to project aser land

cover data reQuirementsiover the period of a futiure operaticnal

nationwide information system (1977-1993}. These projections are
particularly difficult and highly uncertain at present. The major
underlyihg difficulty is that there is no such system in operation

today. Instead, there are many separate data gathering and

4-14

[



management information systems designed to Serve'specific users}

On the Federal level, there are large scale efforts
;gvolving, e.g., the Land Use and Data Aﬁalysis (LUD%] program
of the Department of Ifterior and the Land Inventory Monitoring
Ptogram {LIM) of the Department of Agrlcultur;.r New and ppten-
tlally major initiatives in thls area are about to emergeffrom
within.the Environmental-érotection Agency. ‘The Admlnlsttator
of the EPA, Mr. Russel E. Train, has recently announced plans
to establish a division within the Agency to deal with land use
problems. In addition, on the State Government>level, there
are several comprehensive land cpver programs and information
syétems; notably thexLand Use and National Resources Inventory
(LUNR} system of'NeQiéqtkiand Minnecota Land Management Infor-
matlon System (MLMIS}MW

These data collection programs‘and information systems
will undoubtedly contribute importantly to the demand placed on
a naticnwide land cover information system. However, it appears
unlikely that all data collection anafprocessing reguirements of
these many,user_grgups will belimpos;ﬁion a national_system_
Federal and State Agency resisténce-;éﬁa completely unifqrm data
aquisition processing, iﬁterpretation and dissemination systemnm
will not yield to any such effort. Neither would resistance tp
total uniformity be illfounded. 1In general, there may be many
dimensions to the data regquirements of the wvarious user groups

any one of which, if left unsatisfied by the rigidities of a

uniform system, would seriously impair the effectiveness of the
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user's aata for his particular resource managemenf.program. The
implication of the above considerations is that some u;er re-~
guirements for land cover information will continue to be satis-
fied by special purpose user .data collection programs and
information sy;tems while other reéuirements will be fﬁlfilled by
a nationwide program. The determination of which subsets of thé
present day requirements;?f the various ﬁserlgroups will con-
tribute to the demand imposed on a nationwide sy#tem will likely
be made by the users themselves. The "reféin/relinquish“
decision process of the users may initially be largely influenced
by political considerations, and perhaps equally, by technical
conéiderations, e.qg. the present day accuracy and level of'
information detail ?géuirements. In time, economic considerations
“should dominéte theirhgeiéction processes. As this occurs,
demands upon the nationwiae system from these user groups will
likely increase over theif'ihitial demand levels because of the
relatively low incremental costs of gpquiring data from the
nationwide system.

The initial land cover inform%iion demand that actually.

. A P . .
will be imposed o©n a nationwide -system. from known {users - is some-
what-uncertain .at present. Even at the Federal government level,

initial demand upon a nationwide system is ~uncertain; -this~+ - '~

is due in large measure to two factors:



(1) the lack of documented evidence concerning the
effectiveness and economic value of the technical
characteristics of data presently collected‘by these
agencies (e.g.,&given;that a certain tyge of
information, say the presence-or absence of land

of

cover type %( is 'to be collected over é region

-y square miles at intervals of time t, what is

the effectiveness of that information in the managément
" of the resource for which the agency has responsibility
and if the time period of observation were reduced

5 or-the region of coverage reduced

from t to t/

from y;ftb y/l0 what increase/decrease would result

in the'éfféctive management of the resource and what
would be the econqmic value (gain or loss) that results.
{2) the lack of kqowiedge cqncerning the cost—efféctivness
of alternative d?té coilection systemsrto provide
the information equivaleﬁ; of existing data. collection
programs.
-Undoub£edly, as the time of a§¥9perétional ERS draws near,
additional knowledge from in-process gzd future studiesrwill be
acquired, which will allow accurate forecasts of both the initial

dehand upon a nationwide system and the growth and changing

nature of the user demand measurements over time.



-Wéwhave“éaid.thafmfhe écbnomicrvaiue of ﬁRTS in the
establishment of a nationwide laﬁd cover information systeﬁ
depends to a major degree upon the level of demand which this
system could be required to sétiéfyf Welhaveaa;so s;id that
present day estimates of user demand levels must be ;egarded as

highly uncertain. These statements may appear to imply that the

present study is doomed to be a meaningless exercise but we are

sanguine that this is not the case. Rather we believe that the
cost to the usgr of satisfying land cover informatiqn regquirements
will bé a‘TQjor “drivér“mof user deman@.’
'-':[‘h_eore,tica,llyf '_as ldemanmd at a{‘ givén price lincfé-éséé;,m;.hé.
gunantity demanded iﬁc;eqses af an eyen faster pace, prévided
that images are Suéééi;d;ét average rather than incremental cost,
This is illustrated by Figure 4.4, :Average'cost falls from

Level A in time period t to Level C at time period t+2. However,

~greater total benéfit would be ébtained by seﬁting the image
charge at the incremental cost 1eveI,x In fact, if the average
cost of images using aircraft'is 1e§s than. the average cost of
images using ERTS in time period t,wﬁﬂﬁ pricing is based on aver-
age cost, then the demand cﬁrve willﬁhot shift to the right over
time as showﬁ by Figure 4.4. In essence, the lower initial = .
price (ihcremental réther than average) alléws introduction or
"learning to take place at a faster rate. Such a pricing poi—

icy means that the potential net benefits of ERTS will be more

quickly realized, and net costs minimized.
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Price

average cost (ERTS)

Unit Cost,

incremental cost (ERTS)

b
/
Number o©f Images

Figure 4,4 " Relationship Between Demand, Cost
«--and--Time for ERTS~Type-System

It follows that in order to develop any reliable estimates
of user demand on a nationwide system, it is necessary to determine
the lowest coct approach to acquire and process land cover infor-
mation at various levels of user demahd. This is how the present
study will Proceed; we shall seek the optimum mix of satellite
and high and low altitude aircraft séhﬁor system for satisfying
various levels of user demand. The cgét-efficiency frontier will
be dgveloped for a nationwide land cover information system that
should be an important aid to the varicus user groups in deciding

what part of their current data reguirements might most economically

be satisfied by a national system.



Figure 4.5 depicts in overview form, the approach

that will be used for the analysis. The analysis begins

Mwith projections of the demand for land -cover information

i

. : I
which each technology system must satisfy on .an equal capability

t

basis. For the purposes of this analysis only demand which

requires full target coverage is considered. Thus, démandjre-
quirements which ¢an be satisfied by a probability éample-of a

given target area have been excluded from our analysis, Section

4.3]1 will describe the demand portion of the analysis in greater

detail.

e

On the subply side of the analyses, there are several

Low e

alternative technicalfégstpms considered forx the acguisition and
processing of the laﬁakboﬁér user requested data. FEach technical
3fstem is made up of two or more of three basic remote sensing
components; namely an ERTS-1 type sayellife,high altitude air-
craft and a ground truth system which is definéd to mean a low
altitude aircraft with ground follow up teams. r These remote
sensing components ({(designated %, HA and GT hereafter), are
combined to form the several data acqhisition systems indicated

in Table 4.1.
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Table 4.1  Alternative Data Acquisition Systems For A
Nationwide Land Cover Information System

F; . - ' T '
Three Tier Systems Two Tier Systems
:
1. s/ma/ - | 1. wmaser ;
2. 2S/HA/Gﬁj'-?é ‘;_L_ R P S/GT .
-3, 35/HA/GT 3.  2s8/GT
4.  3S/GT .

VFor pﬁrpdses of thié anéiféis eéchrof éhe tﬁo-aﬁd'ﬁﬂfée
tier-téchn§logy choipes“listed in Table };1&has an implied
acguisition systems.i;fhé priority ranking is defined by thé
ordering of the components of a giveﬁ teéhnology cheoice. For
example, the S/HA/GT technology impiies that in our analytical
models the satellite compoﬁent willrsatisfy as much.of the user
demand as 1is possible, consistent with its capability to meet
the level of detail of the user infé;matioh reguirement, the
user timeliness requirgmenﬁ-andﬁto g&zicome cloud cover prébléms.
Whatever portion of user demand canﬁ;t be satisfied by)the
satellite is assigned to high altitude aircraft and whatever
demand is left unsatisfied by‘that cempohent is assigned to the

ground - truth system. To illustrate, if the user demand were to

obtain Level II information over one tenth the area of the
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U. §. within a specific 30 day period then, given an 18 day
satellite revisit time, the Qatellite would acgquire only a
lfraction, say g , of its assigned target, where ( depends.
jthe amount;of cloﬁd interference that it encountered over the
.target duriné 1-2/3 passes. In this case, the high altitude
aircraft camponent {1p) of the S/HA/GT technoloegy would be
assigned to-provide remdté sensing coverage over that portion
of the user target area left unsatisfied by the satellite.

Moreover, the HA component may also fail to complete the mission

H

due to cldud cover problems"and.éiéhf time requirementsg in
which case, the ground tfuth component (GT) consisting of low
altitude aircraft anﬁ'supporﬁing ground teams are assigned‘té
.complete the Eésk.if?aé specific assumptions and methodology
that ére used for angifsgé of the three tier and two tier
systems are déscribed later in Section 4.3 of  this chapﬁer.

For now, we wish torémphaéiée some important factors concerning
user demand that impact the economic choice of which techneology
might be used to satisfy user demandﬁand to indicate in
overview form how these factors are ireated in this analysis.

s Tn

First, there is‘the level of ihformation detail require-
ments: which'components can satisfg Level I, II and IXII
requirements? The answer of course, depends upon the definition
of the level of detail classification scheme and the proﬁected

technical capabilities of the various sensors and associated

3§0f§ware_systems in the time period of the operational system.
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Next, there is the question of cloud cover which when

coupled with user timeliness requirements raises important

trade-off guestions ceoncerning how much time to allow for the
‘ HA.component to complete the unsatisfied po;tion of the satellite
assigned target. Thé shorter the:HAraircraff-lead tiﬁe,.the
greater will be the requ;red aircraft fleet and/or therg;eater will
be_the demand assigned éazthe gfound t?uth, lOn the cher hand,
the la;gef the aircraft lead timelﬂtﬁé‘larger will be the
target that:islassigned to ;he_HA aifcraftu

Refering Fo Figure .4.35, these:issués are analyzed by.the
indicatedAsupply models. These mo@els-alloc&te=the projected user
demand to the _S, HA,and GT components in accordance with the

characteristics of u

of the component sengégsﬂénd operational constraints imposed on
the analytical models. Once the demand has been allocated to
the three basic remote sehsing compénents, the costs of
satisfying these demands are calcuigted in the costing models
taking into account the many investmént and operating cost
elements of each system. The basic ;nnual cost information for

each of the technoleogy choices are then reassembled and compared

in the evaluation model.



4.3 Models and Inputs k
4.3.1 Demand for Land Cover Information

The analysis will start with an estimate of user demand
based solely upon the present_day data collection and processing

réquirements of Federal agency programs that have been mandated

by specific Federal statutory requirements or that have been

iﬁitiated under Federal Qéabliﬂg legislation. Taking:this as a
minimum baseline demand wﬁich a national system would be aalled
uéon to satisfy, the analysis proceeds‘in steps te even higher
projeqtions of user demand which are expanded to include state
and land government agencies, commercial ahd academic users.
"Annual demand projections will be made over the time period of
an operational systemzr}Four major characteristics of user
demand will be conéiééfed;%or these projectioné, namely

e user application area coverage requirement

K user timeliness- reguirement {this is the time

period over which the information must be

acguired, e€.9., ——- seasonal coverage)

@ level of information detail
@ freguency of coverage

34

The demand projections are based upon the analysis of
p;esent day Federal statutory requirements and, more generally,

all land cover resource management information needs during the

period of an operational nationwide land cover information system.

The specific guantitative demand projections employed in the

analysis “have been described in Chapter 3 of this report.
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‘4.3.2  High Altitude Aircraft/Ground Truth (HA/GT) Model

The medel for allocating u;er.demand to either high altitude
or low altitude aircraft with manual follow up teams is straight-
f?rward and invelves three major factors: the user time windOW:re-
duirement, tﬁe'priorities for_high and low altitude aircraft and
problems of c¢loud cover. The user time window requirement estab-
lishes the dpportunity fo%l#he flexible ({(daily)} routing of aircraft
;over-the user target area:. The time window implicitly determines
the expected fraction of the target which would receive cloud free
coverage by Ehe high altitude aircraft (see £he discussion on cloud
cover below). The remaining poftion of the £arget must be covered
by low altitﬁdé aircraft and ground survey teamé. The high and low

altitude aircraft priority factor allows one to assign certain types

of targets exclusiveifuto Eﬁe low altitude airéraft thus prohibiting
the use of ﬁigh altitude éircraft fFor the coverage.of certain types
of targets. For example,ground truth,can be forced to satisfy all
Level III type coverage requirements; this constraint is employed
in tﬁe HA/GT model when ﬁanual‘interpfétation methods are used. In
addition, the nominal priority rule is. to:
1. "Assign to the high altitude;aixeraft all targets
having a time window requirzgent of more than a
specified number of days, say m, and
2. BAssign to the low altitude aircraft all targets having

lesgs than a (m+l) day time window as well as all



dep.ﬁp" requireménts arising from incomplete cloud

free coverage of high altituae aircraft targetis.
This nominal mode priority rule iﬁplicitly assumes that the HA
a?rcraft component has a resolution‘capability (both spatial aﬁd
s%ectral) to.satisfy LevellI and ITI demand requirements given manual
interpretatién and levels T, II and III information regquirements
given computer interpretafiPn methods., All targets assigned to the
‘ground truth component aré_assumed to be completely covered, cloud
free, regardless of the level of informa£ion‘detail-fequired. The
third factor in the HA/GT model, cloud cover;_is a major variable
throughout tﬁis analysis. This variable, cloud.cover,-thus,
reguires:some,general introductory discussion before we explain
hpw_}pmigmfygépgd in the . HA/GT modél._ |

Teloud Tover cFfecis present a majorebsiicie to the T e -
acquisition of land cover information via the remote sensing
éystems considered in this.study. Historical data: on the extent
.of cloud cover over the continental U.S. is presented in the
form‘df a color coded map in Figure.4;é, . From thié¢map, it is

immediately apparent that for most of the U.S. land area,

{vellow and purple_d@?s{ Ehe_aygraggfpumberuqf_q}oud free dgxswi
“;0;10%jcioud5'from sunrise to sunséthper month is ten or less.
Moreover, there are strong regional cloud cover effects indicated
which resu;t in vast contiguous areas of the U.S. (roughly 50%-
vellow dots) where the average'number of cloud free days per month

is five or less. These regional effects obviously increase the
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severity of the cloud cover problém by limiting cloud free cover-
age coppeortunities in several geoéraphical areas. Further restric-
tions.of coverage opportunities by geographical region arise from
;he seasgnal effects of cloud cover. Figureé 4.7 and 4.8 iliu-
strates the problem by froviding historical déga on cloud cover

ovey the U.S5. during the months of January and September.

The impact of extensive cloud coverage on-fémdtekéenéiﬁé

....Programs over the U.S., coupled with its regional and seasomal
.characteristics is to'significantly increase the time and/or

cost required to obfain complete land cover information for any
jsubset of the U.S5. over what would be reguired for a continuously
 cloud free area of comparable size. To fully assess the time
and/or cost impact &flqiod& cover, it would be necessary to
undertake an exhausti;;'séétistical study of the'spatial and
temporal distribution of clouds byISeasons and regions of the
U.S. as well as, the di s-tz;;i_b"'umt-: jon 0f cloud cover persistence

by seasons and regions of the U.S5.* fThesé data would have to be
compared'with an exhausfive list of u;er demand for land cover
information which specifies the geogfapﬁical location of the
target area, dates during which covef%éé is require@, level of

information detail, etc. Finally, one'would have to consider

various operational strategies in the deployment of remote

* pllied Research Associates, Inc. conducted an extensive analysis
of the cloud cover problem in a report to NASA, "Worldwide Cloud
Cover Distribution for Use in Computer Simulations,"™ NASA
CR 61226, June 14, 1968. This analysis of the statistics of
cloud cover did not however include a corresponding analysis
of the geographical and tempecral characteristics ofiuser.:demand.
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sensing systems to acquire the necessary information. Multi-
stage sampling is one such impcrtant strategy, wherein a

%atellite, high and low altitude aircraft are.used to cover
only portions of the ﬁarget area and yet can ;btain sufficient
information to satisfy the use;gmygquiremeqt. ; Forest inventor-
ies provide a typical example of the potential applicatiQ;s of

multistage sampling., A recent ERTS-1 éxperiment,* showed that

ERTS digital tape data could successfully discriminate forest

, | - '
from non-forest land and thus provide,a_basis for selecting

Primary sampling units for the'first stage of a multiétage
foresf inventory information.sampling system.

We.havé not undeffaken sﬁéh'éh eiﬁénsiﬁé‘éﬁ;iysis'of”
the cloﬁd cover problem in this study. Instead, we have made a
number of simplifying assumptions concerning the cloud cover
problem in order to gain s&mé immediate insight into the po-
tential fime and/or cost impact of this factor on the several
remote sensing technologies under consideration.

-High Altitude Aircraft Cloud Cover Assumptions:

l. All user demand must be satisfied by imagery which
is cloud free, defined henceforth as either (0 - 30%

clouds)-or alﬁernatively as (0 - 10%) clouds.

~UN-257, Center for Remote Sensing”Research, Berkely
{Nichols, et al.) i



All user éemand is considered to be scheduled
(non;raﬁdom) demand. This implies that an aircraft
has been assigned fo cover a target over a specified
timé period énd further that efforts can and will

bé ﬁaae to ipqﬁire Whiéh”areas of thé_targets afe
¢loud freelon'any given day. This pefmits the air-

craft to fly the target in a manner to minimize the

effects of cloud cover, i.e., it flies the cloud free

i .
areas first. To further enhance the flexibility of

#hé high altitude aircraft to cover the taxget cloud
free, the aircraft fleet assigned to the target will be
120% of the minimum required fleet for target coverage
during perfect cloud free weather.

Conéefnihg expected cloud free covérégé'ﬁeféﬁé'uéerd

time window requirement, the following two sets of

_thﬁbéfg_in Table 4.2 will be used,

4.3.3 sSatellite/High Altitude/Ground Truth (S/HA/GT) Model

-

. There are several factors in S/HA/GT model whiclk determine -

the manner by which demand is allocated to the remote sensing com~

ponents of this technology. . Each of these is discussed. below.




Table 4.2 High Altitude Aircraft Average
- Percentage of Cloud TFree Target
Coverage vs User Time Window
: Regquirement
? . . Allowable Allowable
User Time Window " Clouds . Clouds
Reguirement (days) {0 - 30%) {0 - 10%)
365 99.99 99.9
180 9c.9 29.0
a0 2g, 0 90.0
60 94.0 82.0
45 350.0 77.0
30 85.0 70.0
15 78.0 60.0
10 75.0 | 56.0
T
5 70.0 | 50.0

The capébility of the.satellite ﬁgréétisfyAthé lével of
information det#il of user demand varies'depending uponAthe-intér—
~ pretation method that is used. For manual interpretation;,ERTS
can provide Level I information only, while for computer
(éutomatic)'inte?pretation, ERTS'éan'prOQide both-Le%ellI and
Level II information. .In-this manner the capability of the
satellite as_detéfminéd_by‘the_dgta'intqrpreyationVmetﬁoﬁ used

defines the user demands which the satellite attempts to satisfy.

-
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The-nﬁmbef‘of satellites in orbit determines the satellite
system.revisit or cycle time. With a one satellite ERTS-1 fype
system, the cycie.time is 18 days, while the assumed-gycle time
fer a two and £hree satgllité systeﬁ is nine éays and six days
respectively. The cycle time, coupled with the usgrftime window

4

"requirement and the assumed probability of a c¢loud f#ee gsatellite

1

pass, determines the average percentage of cloud free target
coverage that is achieved by the satellite and the target area
remaining to be covered'by'the HAa and/or GT cbmponent (see

subsequent cloud cover discussion).

M

Time Window

As previously néted{ usey demand is assumed to have an
associated timeliness regquirement which spgcifies the number of days
.“during which target coverage is'requiredi .The_}Qst day of thg_user
time window is reserved for:gfound truth coverage of the target
area not previously covered by either the satellite or the HA
aircraft. The satellite is assumed to be active for all but the
last day of the user time window while the HA aircraft is assigned
to ;he target during the latter part of the user time window ({see

the subseguent discussion on HA aircraft lead time).

-CiouéfCBVef

e e

"Figure 4.9 provides a map display of the number of cloud

free (0 - 30% clouds) ERTS frames. that were obtained for wvarious
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geographicgl regions of céntinental U.S. and Alaska

during some 30 passes of ERTS-~1 over the U.S. (July 1972 -
Decembhexr 31, 1973). Based upon these data, we have assumed for
this analysis that on any onerpass_over_the U:S., thé satellite

will obtain fifty percent of its frames cloud free (0 - 30%), and

30% of its framés cloud free (¢ - 10%}). Morebvef, wé assume that

for succe551ve passes of the satelllte aver a glven reglon (whether

the cycle time is 18 or 9 or 6 days), cloud cover is 1ndePenden£:”W“

Thls assumption leads 1mmed1ately to a convenient formula for deter—

P e e e e e e L R . - .

mining the average percentage of a target (P) that is cové?ed cloud
free by the saﬁellite.
Let |
W = usef'tiﬁe requirement in days for covefage cf an
areca W | | |
q = probabilitquf a clbﬁded ERTS.frame

p = l-g = probablllty of a cloud free ERTS frame

¢ = cycle time = 18 days/number of satellites in orbit

¥ =h[ Eﬂ] largest integer contained in (TW/c)
c -

= the number of complete statellite. passes over the

target within the time window TW

It

f TW=-rg¢

——— v R Ay A & 4 Tt de ok a ey o it R et e £ e o = o



=" fraction of an additional satellite pass ovex
the U.S. that can be completed within the time
window TW
P = Average percentage of_cloudrfrge_coverag; of the

users' target

Then, o

- {W(l—f)} (1-g7) + _(T"f)‘,:,(lﬁqri-l]
T : T

P

(1)

or
. T - .

. P=1sah 4o a (- N - T
Using eqguation (1), Table 4.3 contrasts the expected cloud
free covérage'attainable with single an& multiple =satellite
systems with that attainable via high altitude aircraft for
various user time window reguirements.

The justification df"gquation (1} can most easily be
explained by reference to Figure 4.10 which illustrates the
problem of satellite coverage of the full U.S. i.e. 7 = full
U.S. The probability of cloud free ERTS frame over any area of
the U.S. for a single pass of ERTS is p = {(1-g) and fox k
independent passes of ERTS is (l—qk). " For the two mutually
exclusive regions of the U.S., (f W) and (14f) T which are

covered by r and {(r+l) passes respectively, the average cloud

free area covéred in each region is (£ T) (1—qr) and (1-f)}
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Table 4.3 comparison of Average DPeroentage of Cloud Free Targek Caverage = Iigh Mtitude Adreoraft ve Satellite Coverana -

Allovwable Clouds (¢ - 30%) ' Allowsble Clouds {0 = 10%)
User Timz

Window krauirement Gne WG Three ane Twa Throe
{dovs) ) HA hireraft Satellite | Satellites Satellites HA Aircrafe Satellite| Satcllites Satelilitos
365 5%.99 190,0— 100.0— 100.90 ==~ 95.% 99.9 100.0 — 160.0 —
120 99.3 . 99.9 100.0 == 100,0 — - 99.0 97.0 9.9 100.0 =

Ge 99.0 37,0 99,9 100.0 — 50.0 83,0 97.¢ 99.5

sL 24.90 20,0 99.0 ! 59,9 82.9 £9.0 1.0 g7.0

45 90,0 a1.0 9?.0 ] 29.0 77.0 58.9 23.0 . 91.0

30 85.0 67.0 90, 0 ©97.0 70.0 44,9 69.0 83.¢

15 7.0 £2.0 67.0 . 8L.0 60.0 25.0 44.p 58.0

16 75.0 8.0 53.0 | 67.0 56.0 17.9 12.0 44.0

5 1%.0- la.0 28.0 l,' 42.0 ©50.0 B.0 17.0 25.0

Dosignates target area nf wiich iz covered by {r+i}satellite passes
pesignates tarcet area T(i-f} which is covered by r catellite passos

Figure 4.10 Illustrative Example of Satellite Coverage
of the U.S. )




(1—qr+l} respectively. fhe expected cloud free coverage of the
total target area is therefore the sum of these two components.
In the case of a target ﬁ whieh is only a subset of the total
U.5. area, quations (1) and (2) are still applicéble because
with respect to the fractional pasé of the s;tellite‘over the

U.S. after r complete passes, the target 7 is treatgd as being

randomly located within the U.S. area.

High Altitude Aircraft Lead Time

When the HA aircraft operates in the mode of "mopping up
after the satellite, the problem arises as to.how many days to

allocate to the HA aircraft to attempt this task. If an area

of say five perceﬁt oﬁ the U.S. is expected to remain“after the
satellitéAhag'c;mélé;;A its ia;;-fglltpaés ove? the U.S. and

if there remained only 2 days for the HA aircraft to attempt

to complete the.mép up task, Fhen it would Ee necessaxry to

acquire a relatively large fleet of aircraft to cover the

remaining area in a two day period. This can of course lead to

gross inefficiencies in terms of the fleet size. One alternative
would be to assign the mop up task to the ground truth system,
but the relatively high incremental cost Per sgquare mile of

coygrage”makgs FhisﬁglternativeVgndesirable. The preferred approach

is to establish and reserve a minimum aircraft lead time which



“results in anxeco@omical allocation of the satellite mop up task

to both. the HA and the GT components. The idea is to reserve

the last m days of the total user time window; T™W, for mop up

covefage b? thelHA component and to resexrve the last day of the usex

time'window to GT mop up after the HA component. If it happens

that for a particular type of user demand, the value of m.is at

least as large as the user time window TW, then the coverage of

the user target area is left entirely to the GT component. 0On the

other hand, if the value of m is less than TW, the HA system will

be sized to cover the target areca once during the m day period and

the GT component will be aséigned to mop up that portion of the

target where cloud free coverage was not obtained from the HA

component. o |
There is one further,consigeration thaf should be

pointed out concérning the use of the HA aircraft lead time in .the

S/HA/GT supply models. If the HA component is used to mop up

after the satellitg and if the Satellitersystem is not turned off

during the m day HA coverage period, then there will be redundant

taréet coveraqE'during‘the m day period. In.practice, redundant

target coverage should be pérmitted:éihée the;satelli;e and HA com-

ponent need not be imaging the same area of the target om the same

day. The redundént coverage is therefo?e desiraglémsiﬁcé-it wili

increase the percentage of the target that is acqguired cloud free



without resorting to the relatively expensivé—GT system. The redun-
_gip; ppvefggg however may result_iﬂ;spme duplication of cloud free
coverage; the model therefore has made provisigns for subtracting
out the expected duplication Qhen computing the average cloud free
coverage of the target acquired by the satellite énd‘the high
raltitude comﬁonents. with‘this type pf,pfoceduretimbeddedlin the
logical structure of the S/HA/GT model, one can explore the economic
iﬁpiiéatioh of various values of the aixcraft lead time, m, via

. Separate runs of the model.

HA Aircraft/Ground Truth Priority

This factor is treated in the S/HA/GT model in much the
_séme way as it is inlfﬁé HA/GT model, previously discussed,. It
is used more extensively in S/HA/GT model however. One new
application of the HA/GT priority factor in this context is to
-eliminate.the'HA componentraltpgether} thus creating a 5/GT model
‘ox A_QS/GT or‘3S/GT 'model._ An6tHer'roig Plaved - by tﬁis faétor.is
to‘designate the levels of informatibn detall which each componént}
S, HA and GT is allowed to satisfy. The allocation of demand by
level of detail requirgments differs_dépending ﬁéon whether a
manual or automatic data processing capability is used.
Table 4.4 indicates the projected gapability of the various sensors

in the post 1977 time frame for both manual and_éptomatic processing.



Table 4.4 Projected Sensor Capabilities
For Acguiring Information At -
vVarious Levels of Detail

Manual Processing ) hutomatic (Computer) Processing

“ERTS HA H
Level I \} \}
Level II \l | \j

R

~ERTS F.Y
Level I ' d d
: « }

Level II

2. 2 2

Level IIX Level III

\
v
W

4.3.4 Satellite Cost Model

The satellite cost models receive as input a statement of
the number of sateligﬁeé-éimultaneously in orbit duringrthe
operational period of 1977-1993 and a‘statemeﬂt of the average
guantity ©f cloud free Level T and Level II information provided
by the satellites for each'yeaf,of the 0péra£ional periocd, This
"information permits calculétion of the annual satellite costs
{investment ;nd operations) that would be incurred.over the
operational period. A description éf the sétellite.system and
the constituent cost elementé used in the costing model follows.

: The satellite system is assumed to employ ERTS-~1 like
spacecraft equipped with a Multispectral chnner, Panchromatic
Return Beam Viaicon.and two wide beam video tape recorders in
order to permit glchkal coverage. There will be two tracking and

data acguisition stations and the data processing will be all
. . -

digital. The. major cost elements of the satellite system are
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-”ééfined in Takle 4.4. Cost estimates for the-invéstﬁent and
operations elements have been extracted from an earlier NASA
document* apd dre provided in detail in Appendix 1TI.

#Tables 2, 3 and 4 of Appgndix III provide annual'phased program
éosts for a oﬂe, two or three satellite system.) User Product
Processing Costs have been estimated from severa} sources

(see Appendix III for details).

We summarize in Tablé 4.5 the cost esfiﬁagéé in;iuéé&
'dihffhé”saﬁellitg coétﬂﬁbdéi:w-Théugh these“sumﬁafy cost‘eétimates
provide a ﬂseful_quide to intefpretatipn of the study results, the
reader is cautioned to bear in mind thét the'actual'time:phasing of
these costs over the program is not a uniform one. For example,
most of the satellite investment costs is assumed to be incurred
two years prior to sétéllité launch. Thus, the use of an éverage
annual satellite cost over the périod 1977-1993 can.be misleading.

Reference should be made to Appendix IIXI for actual time phased

costs that are used in the satellite cost model.

' 4.3.5 High ‘Altitude Aircraft Cost Model

Cost data for all HA aircraft system elements are developed
primarily as function of the number 6f aircraft and types of their
“ bases, and flight hours per year per vehicle, Cost components

have been subdivided into the following categories:’

* . Earth Resources Survey (ERS) Operation System Study Final Report



Table 4.5 Major Cost Elements of the Satellite System

R&D - Assumed Completed
Investment
Spacecraft
Payloads
Operating Control Center (occi
Data Processing Facilities.(DPF)
Tracking and Data Acguisition Systém fTDAS)

Launch Vehicle .

Operations
oCcC

DPF
TDAS

NASA Civil Service Cost

UsersProduct Processing Costs

Manuyal Interpretation

Automatic (Computer) Interpretation




a. Investment (Initialf costs; including acguisition of
aircraft and sensors, modification of aircraft or sensor installation
and acguisition of the reqguired facilities to house and operate the

aircraft fleet {(i.e. hangers, offices, shops} ground eQuipment, etc.).

i

b. Variable Annual Opefational Costs; are those which
tend to increase most directly with the use or output of a given
unit (i.e. personnel, aircraft spaces, maintenanbe, fuel and

sensor spaces)

Thé spécific cost estimates for each system component are

giveﬁ in Appendix III . To assist the reader in the interpretation

of the study results, we summarize below major costing assumptions

_andV;benﬁﬁ_aircragﬁucospuﬂata.

7Aircraft-Basééf

The cost model assumes the cost of thrge HA aircraft
bases, one main base in Denver, one remcte base in Dafton,-and
one staging base in Aiaska. rThe staging base especially allows
fueling stops while the main and remote bases are fully
operational, staffed with operating énd maintenance personnel.,
The investment and operating cost of the bases are assumed to be
dependent upon the size-of the aircraft fleét ﬁhat is requiréd.

Summary cost data is provided in Table 4.5.



Table 4.5 Summary of Satellite Cost Estimates
. (Millions of Undiscounted 1973 Dollars)
Number of Simultaneocusly
Active Satellites in Ozbit 1 2 :
1
i
Investment Cost ; 258. 0 464.0 ! T 645.0
: . - ‘
Operating Cost ’ 84.0 11770 150.0
Civil Service Cost 26.0 40.0 58.0
Total (Exclusive of User Products) 368.0 621.0 853.0
Average Anhual Cost Cvex
16=-1/2 Years 22.1 39.4 56.8
User Productzprocessing Manual Butomated
Costs ($/mi) Technique Technigque
o : 2 2
Level I - Scalg‘l:SO0,000 .l4/mi 048/m1
: 2
Level IY - Scale 1:125,000 Na .1‘34,/111:L

"HA Aircraft Aéstmptioﬁé

The HA aircraft assumed

for this study is the U-2.

This

aircraft is assumed to be equipped with a2 5 channel MS5S and a

six inch metrlc camera and is procured by a ten year leasing

agreement at $840 000 per year exclu51ve of sensor costs.

aircraft in the fleet can he utilized up to a maximum of

Each

1000 f£light hours per year at a maximum rate of five hours every

cther day

time).

{of which four hours is the maximum aircraft imaging



The sizing of the aircréf£ fleet is accomplished via
cutputs- £from the $/HA/GT and the HA/GT models which specify the
target area to be covered by the HA aircraft and the time period
during which CEverage is required. Given a specific aircraft

target requirement, the procedure used to determine the fleet size

is as follows:

Fleet Size = [—E;ET”] + 1
: _ e-h-a-w
where, '
Eﬂ = the largest integer contained within the

value of x.
A = ﬁarqet area to bhe covéred.
'f‘7¥‘ factbr £o.incféése the ;ircraft'fleet
over the minimum fleet reguired dufing
perfect cloud free weather (f = 1.2

_throughout the analysis)

-~;~»; MHAVéi%créffwéiﬁémﬁihdbwt
h = maximum imaging hours pex aircraft
flight = 4hours
e = flight efficiency or the average fraction
of the maximum aircraft imagiﬁg time which
is achieved by an HA aircraft on any given
fl;ght. This factor_is aséumgd to depend

upon the size of and spatial



diséfibﬁﬁibﬁ”df ;ﬁe fargé£ touﬁe ;é;ered.
For large contiguous area target, the
flight efficiency is assumed to be high
while for relatively.small "mdb up"
targets the efficiency 1s assumed to be
;ow since the aircraft ﬁay be reguired to
expend some of its alloﬁable imaging time
traveling between épatially disjoint areés
of the target. The specific assumptions

made with respect to flight efficiency

_are
~ . e = 90% for < full U.S. target
; 88% for < 1/10 U.S8. target
= 60% for < l/lOO'U.S. target
e | %.30% for < 1/1000 U.S. target
’ a = incremental area covered by one UZ during

one hour of flight = 12537 km?- ”ﬁhistégpre
is Eéégé upéﬁ ;n aircréft“épeed of 710 km/hr,
a swath width of 1925 km“and‘lp%_side}ap.

It should be noted that the above formula determines the

necessary fleet size to cover a tarxget of size A once during a time

window of w. In general, however, user demand may reguire multiple

coverage of targets of size A within time window w in any given




year. If a fleet of size D is sufficient to cover an area of

Size A during w days, then this same fleet is adeqguate to provide

repeated coverage of such targets, up to k0 = [365/w] repetitions.
i ‘ ' '

If the frequenbyfof user demand in any one year ‘for coverage of

[

targets of size a during a window w day exceeds kO' then additional

Planes will be reguired.

The HA airgraft cﬁst moéel makes use of simPl'-9 arithmetic
procedu£95 in order to determine the total fleet size needed to
cover.all térgets of size A with time window reqﬁiremeﬁts of w,
Moreover, as Previously noted, ﬁser demand inputs Provide for as
many as twelﬁe different types of targets annually. These are
comprised of four different,size areas at three levels of informa-
tion detail with €ach éoﬁbinétion having some associated user time
_windoﬁ requirement. Consequently, the HA aircraft cost model also

 1ncorporates arithmetic procedures for determlnlng the total fleet
requirements in any given year by "summing" over the fleet size
requirement for‘eéch of twelve distinct éypes user demands. More
Precisely, starting with target k=0 the model determines the fleet
size requirements for target {(k+1), checks to see whether the unused
capacity of the existing fleet, Vi is sdfficient to cover target
{k+1), ang increments the existing fleet to a level Yo +1 sufficient
to satisfy the requirements of ghe first (k+1) targets. The process

is repeated until tiie fleet size required to obtain all twelve target

types has been determlned



Aircraft Costs

Having determined the aircraft fleet size, n, that is reguired
to fulfill all user requirements,.éircraft program compcneét
costs are computed using the sﬁmmary'data of Table 4.6. i Under the
hezding of investment, it should bernoted thathfhé initgal Setup
fcééts,.as fhe name implies, are ohe time charges and are phased.in
;One year before tﬂe initiation of the operationalisystem. Thé air-
craft ieasing cost is based upon a ten vear life éf the aircraft
and is allocatéd to investment during every year of the operational
system. ' The Variable Annual Costs arercalcuia£ed on the hasis of
the actwal utilization (n*}ﬁf the aircraft, to allow for the possi-
bility of less than full uée of the aircraft during any given vear.
An increasing Jemand over the yvears can Be expected in an
operational sfstem, it should be expeéted.that the initial setup will
ﬁot be sufficient to accomodate the aircraft required in the later
years, Such expansions in thé-bases and’number of aircraft are
assumed to be made in the year preceding actual reqﬁirement for addi—“
‘tioﬁél.airéfaft. Furfhefmore,lgiﬁen the'tén yea£”§§pé&feé iife
of the éircraft, a resetup, and modification cost for the aircraft

and sensor must be repeatedly incurred every ten years.

When an ©ld aircraft system is utilized, a data processing
faéility must be established to process the information gathered

"from the high altitude aircraft and ground truth.  The costs of



such a facility for automatic data processing are: a setup cost
of $5.9M, and a fixed annual cost of $0.8M. The correspondihg

costs for manual data processing are $L1.1M and $.944M, respec-

1
1

tively. : . . o !

Tabhle 4.7 High Altitude Aircraft (U2) Costs’® ,
S e “.{Thousands of 1973 Dollars) St

Initial Set Up Costs

" Main Base 803 + 202.n
Remote Base : 675 + 195.n
Staging Base 675 + 19$.n
Aircraft Installation | : 200.n
Sensors . o 260.n

2153 + 1l052.n

*

Aircraft Leasing Charges . 840 .n
Fixed Annual Costs
Main Base o ' _ - 105

Remote Base ' ' 105

Variable Annual Costs

. Main Base ’ 278 + 722.n*
Remote Base 240 + BOS.n*
Sensor Spares 26.n*

 Sensor Technigques ‘ 50 + 30.n*

568 + 1583 .n%*

Manual Automated
User Product Processing Costs Technique Technigue
Level I Scale 1:500,000 1.13 . 80
Level II Scale 1:125,0Q00 1.60 . 97
. Level III Scale 1:24,000 © MB 1. 42
Note: n = size of HA airxrcraft feet
n% = portion of the HA fleet actually used in
any one year. -




4.3.8 Ground Truth Cost Model

In the ground truth model we assume that all desired
low altitude aircraft coverage will be contrécted to a com-
mercial firm on the basis of a per sguare mile of covefage.
There are many factors governing such prices, and it is common
that prices will vary seasonally and from firm éo firm. '~ Based
upon the information given in Appendix III (in 1§73 dollars)
for acquiring information at scale of 1:24,000 is estimated
at %6 per sguare mile. User Product Processing Costs for the
Ground Truth Component Care shown in Table 4.7 . For low
altitude aircraft, manual interpretation of land cover data

is assumed.

- o . . )
Table 4.8 User Product Processing Costs ($/ml) - Low
. Altitude Aircraft
Manual Interpretation Only
Level I ' ) 11.0
Level II 12.5
Level IIIX 14.6




4,3.7 Life Cycle Cost Computations

Inlprder to obhserve the complete effects pf.technology'
‘choices and'demand variationé, sevgral compu?e; runs of the

model were made. Includgd in these runs was the assumption

that the system initiation, #hat is the initial ?etup including
procurement-and modification of the sensors and their

associated facilities, will begin in 1975 and that the operational
demand wii% begin in 1977 and continue through 1933. The two

year phase-in pericd allows for the operational system to be

ready in 1977.

[ RN

fﬁe‘liéé cycie coséé §f the systems were computed in
both the undiscounted bése and discounted to 1974 at 10%. The
discounted version lends insights into the total program
costs while the dndiscounted_yersion illustrates the actual
cost variations in yeaf.to year operatiénstg

The outputs'for the computer analyses are presented in
Appendix Iv. Each computer run is dividéd into twormajor seg-
tions, ea;h section having the. same three components. The first
major section is the undiscounted costé, and the second is
the discounted costs. The first component of each section is
a summary of the total yearliyv®costs in RDT&E, Investment{ 7

and Operations (activity level dependent, and écti?ify level



independent). The next two components are -the detailed
breakdowns for these costs distributed to the satellite, high
;altitude aircraft, and ground truth systems.

| forrtﬁese analyses we have assumed tHat all RDT&E
spending has been completed before 1974 and that’there will be
no further RDT&E efforts for any of the sensors.. The
Investment costs correspond to both the initial setup costs of
the facilities réquired to house and operate the sensors,

and the year to year changes to bProcure new satellites,
aircraft le%sing, eto. The activity'level dependent costs are
those which'véry most directly with the level of activity of

the sensor. These costs correpsond to the maintenance,

fﬁeling, and personnel required to sustain the reqguired
utilization level. 1Included also in these costs is the
interpretation and production costs requiréd to provide the
land cdvér information to the various users. Theactivity
level independent costs are those which do not vary as a
function of the utilization of the facility or of the
sensors. .They correspond to the cost regulired for the basic
management of the facilities.

Presented aloﬁg with each of the cost breakdowns is
a description of the demand and fechnology for which the
respective tables are created. By carefully examining the
outputs, onelis able to observe in the cost differences the

'

effects of the system charges.



4.4 ‘Régﬁlts
Life cycle costs were computed for each of the two and
thfee tler data acquisition Systeﬁs previously described. Total
program cost comparisons were made for the alternative systems
(;) over a gange of land cover demand levels, (2) using automatic
and manual data processing and interpretation techniques and
{3) under t#o different user cloud cover requireqents. The basic
problem undériying and guiding these 1life cycle Eost\comparisons
was to aetermine'under which conditioﬁs of user demand (area of
coverage, f;equency of coverage, timeliness of_information and
level of infbrmation detail} an ERTS type satellite would be cost
effective and, if so, what would be the annual cost savings benefits.
Our.analysis begins by considering only Federal user
agency demand for land cbver information under existing Federal
statutes. Next, we address the national resource management
information needs of zall user groups, Federal and otherwise.
For this case, demand projeééicn in the post~1977 time frame are
highly uncertain; thus a parametric demand-cost analysis is
made. Finally, in order to estimate the likely cost‘savings
benefits of ERTS we evaluate the system alternatives for three
pérticular demand scenarios which we belleve will bracket the
actual national demand for land cover information in the pos£~

1977 time period. A description of the results of these

analyses feollow.



{

4.4.1 Total Program Costs to Satisfy Federal Statutory Demand
For Land Cover Information

Ihe analysis of total program costs to satisfy Federal
statutory demand fer land cover information focused on two digtinct
time frames, 1974 and 1977. Though Federal statutbrﬁ_demand in
the 1974 time'frame is not diréctly'relevant to the q;estion of
the cost~effectiveness of ERTS in the context of 2 nétionai land
cover information system in thelpost-1977 time fféme; noneéheless,
it does provide a useful poiﬁt of departure for such aﬁ anélysis.
'The magnitude and the major characteristics of Federal statutory
demandlin 1974 and 1977 were defined.in Chapter 3. ‘Separate
demand matrices were given for two Federal agency user groups,
the "land use planning communify" and all "land cover users”

{see Tables 3.2 through 3.5). Rezsults of the analysis of the cost
to satisfy these différént usexr demand levels with each
alternative systeﬁ are shown irn Tables 4.9 and 4.10. Table 4.9
‘fCOnsiderS'1974*demandhpnderfexis;ihg}Federal statutes; -Table 4.10"
con 's:i.'d ers 1977 demand dnder existing-Federal statutes: . In each :
case, the lowest éost II-with" satellite system was compared to the
lowést cost "without"”™ satellite system using alternative data
processing aﬁd interpretation techniques {manual versus automatic)
and for two user cloud cover requirements. From these tableé
several observations are evident. First, Federal user demand
unéer existing Federal statutes is, by itself, insufficient to

economically justify an ERTS system for a U.5. only coverage

mission. An all aircraft system is cDst-effective for satisfying
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Table 4.9

Discounted Total Program Cost to Satisfy 1974 Federal

Demand feor Land Cover Information Under Existing Federal
(Million of 1973 Dollars Discounted at 10% to 1974)

Statutes

User Cloud

Covex
User Requirement Alldwable Clouds Allowable Clouds
Group 0-30% 2~10%
Manual Automatic Manual . Automatic
Interpretation Interpretation Interpretation

Land Use Planning

Community Only

All Land Cover
Users

Interpretation

294.2 HA/GT
464,2 S/EA/GT

567.9 HA/GT
737.9 S/RA/GT

155.3 HA/GT
250.6 S/HA/GT

269,2 HA/GT
377.6 S/HA/GT

352.2 HA/GT

522.2 5/HA/GT

626.0 HA/GT
796.0 S/HA/GT

224,2 HA/GT -
323.9 5/BA/GT

382.4 HA/GT.
529,2 §/HA/GT

Legend:

HA
GT

refers
refers
refers
survey

to an ERTS-—-type satellite
to high altitude aircraft (U2}

to low altitude zircraft and ground

follow—up teams
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Table 4.10

Discounted Total Program Cost to Satisfy 1977 Federal Demand
For Land Cover Information Under Existing Federal Statutes
{Millions of 1973 Dollars Discounted at 10% to 1974)

Uger Cloud

Cover .
Reguiremant '
. Allowable Clcuds . Allowable Clouds
K 0-30% S : 0-10%
Userx
Gxroup
Manual Automatic _Manual, .  Automatic
Interpretation | Interpretation Interpretation Interpretation
Land Use 2lanning 518.9 HA/GT 316.5 HA/GT 616.7 HA/GT 428.0 HAR/GT
Community Only 688.9 S/HA/GT 337.1 S/HA/GT 786.7 S5/HA/GT 454.2 2S/HA/GT
All Land Cover  937.2 HA/GT 613.3 HA/GT 1120.1 HA/GT 835.7 EA/GT

Users

1107.2 S/HA/GT | 701.8:28/HA/GT | 1290.1 S/HA/GT

88B1.6 25/HA/GT

Legend: & refers
HA refers
GT refers

survey.

te an ERTS-type satellite

to high altitude aircraft (uz) L
to low altitude aircraft and ground
follow-up teams




Federal agency land cover demands under existing Federal statutes.

This result is driven by the level I1I information reguirements
of the Federal agency user groups which cannot be satisfied by
ERTS. Subsequent analyses show that ERTS is cost-effective given

a demand for six times coverage of the U.S. annually at Level II.

This demand level is considered highly likely in the post-1977 time

frame when all users needs (Federal and non-FederEl) for land cover

information are considered. A second important observation that
can be made from the analysié of Federal statutory demand is
that auvtomatic data processing and interpretation teéhniques

are economically superior to manual technigues. In évery
instance of comparison, there are significant cost savings
advantages that accrue to the automatic technigues over manual
technigues. ‘This result was to bé expected given the differ-
ences in the projected capability of ﬁhese technigues in the
1977 time frame for acguiring increasin§ly detailed land cover
information. Using ERTS, manual techniques can provide only
Level I information with the necessary accuracy while automatéd
techniques .can provide both Levgl I and Level II tyvpe informa-
tion. Similarly, using high altitude aircraft, manualwtechni—
gues can providé Level I and Level IT while all levels of
classification detail can be obtained from_automatic tgchniques.

Lastly, Tables 4.9 and 4.10 provide some interesting insights

i




into tﬁe effects of users cloud free coverage requirements. As
one would expect, the more stringent cloud free coverage
'requiremeht of 0-10% causes a major incfease in total program
costs. This is due to the fact that in order to satisfy é
fixed user timeliness requirement the satellite and high
' ! |

altitude aircraft systems must.yield a greater pértibn of 'the
user target to the low altitude aircraft and groﬁnd ;urvey
teams. Thus, in addition to incurring expensive investment
cost of the satellite and high altitude aircraft systems, one
is forced to increase the activity level of the most expensive
(incremental cost} data acguisition component. The impact of
more stringent userx cloud free coverage reguirement will, of
course, grow increasiﬁgly severe as the user timeliness require-

ment is tightened. SBubseguent results quantify this effect.

4.4.2 Total Program Costs for Parametrie Analysis of Nation-
wide Demand for Land Ceover Infoermation

As noted earlier, Federal statqtory demand for land
cover information constitutes only a segment of the national
demand. State governments, regional and local governmentai
units, industrial and academic users will also gontribute.to
the total demand. It is difficult to:project, quantitively,
the scope and nature of the total national demand. Consegquently,
aﬂpa;aﬂetric set of demand requirements was considered, which
focused on increasing Levei II information reqqirements for

-
continental U.8. and Alaska. The annual Level II coverage



reguirement was varied from two times coverage within 180
days each to twelve times coverage within 15 days for each

-

coverage, In addition to the varving full U.S.-Level II reguire-

'

ment, the parametric demand analyses includes the other informa-

’ * . :
tion requirements that were projected for the 1977 Federal

agency demands (All Land Cover Users) under existing Federal

statutes.

The results of the parametric demand--cost analysis
is shown in Table 4.11. For each demand level, total program -
costé are compared for the all aircraft system and the lowest
cost two or three tier “'with®” satellite system. This analysis
is hased upon automatic data processing methods which previouéiy
were shown to be economically?preferred over manual methods.
It is clear from tﬁis table that ERTS is cost-effective at an
annual demand level of six t;mes coveragé 0f the U.5, with a
user timeliness regquirement of 60 dayé for each such coverage.
Note however that a two sétellite system is reguired in order
to overcome cloud cover.ﬁroblems. Another interesting effect
concerning the impact of cloud cover is evident from Table 4.11.
The more stringent cloud cover regquirement (0-10%) réduces the
multiple satellite system breakeven demand lewvel. Table 1.5
shows that a two-satellite system is cost-effective at six times

coverage of the U.S. given a (0-30%} cloud cover regquirement,

* See Table 3.5 on page 3-12.-
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Table 4.11 Summary of Total Program Cost (1977-1993) to Provide Level II Mapping Information
' of Continental U.5. and Alaska Using Autematic Data Processing {Millions of 1973

Dollars Discounted at 10% to 19747

Annual Level II Coverage Allowable Cloud Allowable Cloud
Fregueney and . Cover. 0-30% Cover 0-10%
Timeliness
Twice at : 486,35 HA/GT 616.3 HA/GT
130 days each ’ ] . 646.9 S/HA/GT 779.2 S/RA/GT
Four times at : . §13.3 HA/GT 835.6 Hr/GT
90 days each . ‘ ‘ 701.7 25/HA/GT 281.6 25/HA/GT
Six times at _ B15.6 HA/GT 1137.3 HA/GT

‘ 60 days ecach, . 758.4 25/HA/GT 984.4 3IS/HA/GT
Eight times at . . ’ 1044.3 HA/GT' 1476.5 HA/GT
45 days each 79d4.2 35/HA/GT 1129.5% 38/HA/GT
Twelve times at ‘ 1548.3 HA/GT -2168,3 HA/GT
30 days each : 897.9 35/HASCT 1603.4 3S/HA/GT

Legand: 5 refers to an ERTS-type satellite
HA refers to high altitude aixcraft {U2)
GT refers to low altitude alrcraft and ground
survey follow up teans




while for the same demand level a three-satellite system is
cost-effective given a (O—iO%) cloud covef requirement. As
expected, the cost savings of the "with" satellite system over
fthe aircraft only system increasersubstantiallQ as the demana
. for Level iI,information‘inéreases beyond six times coverage
of the U.S.

"Figure 4.11, displays the cost-capabili?y frontier for
the two usér cloud free ﬁoverage reguirements eéplored in this
study. The cost-capability frontier is defined by the locus
cof the lowest program cos£ alternatives for yarying capability
levels. The full cost ERTS curve represents the cost—capability
ffontier under the assﬁmption that the total program cost are
borne entirely by a U.S. coverage mission. The incremental cost
ERTS line represents tﬁe cost capability frontier under the
assumption that the investment costs for a one satellite
system would be.incurred in any event for a global coveraqe‘
mission.

Thus far, throughout the discussions of the analysis we
have subdued-the aircraft lead time variable. In fhe methoﬁol~
ogy section,’it was pointed out fhat in the éase of the three
tier satellite system, the latter partion of the user timeliness
.requirement was resefved fﬁr high altitude aircraft "mop up"
coverage of the‘target area that had not previously been mapped
by the satellite. We indigated that to achieve efficiency iq

the sizing of the aircraft fleet, several different values of
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the aircraft lead time would have to be investigated for each
user demand level and timeliness requirement. Thus, in our
life cycle cost computations, repeated runs of the analytical
‘ models Weré made in order to assure that the lowest total
program cost was identified for the three tiér data acquisition
systems. lTable 4.12 illustrates thé impact of the aircraft
lead time bariable on tofal,program costs to saiisfy a given
demand level. Given the particular demand levels selected
for illus?rative purproses, a lead time of 14 days‘yields the
lowest toéal program cost. For other demand requirements and
for other data acquisition alternatives, e.q. two and three
satellite systems, other values of the aircraft lead time
.variable yieid the -lowest cost resﬁlté.
4.4.37 The likely Cost Savings Benefits of ERTS

Despite the uncertainties inherent in future estimates
of ngtionwide demand, we ﬁa;e defined three demand &ddenarios
that we believe will bracket the actual future nationwide
demand for 1énd cover information Each demand projection
includes all the projected information regquirements of Federal
agency users in 1977 except the ful; U.8., Level II covefage.
In add@ition, we have included Level II information reguirements
for the U.S. plus Alaska at annual freguencies varying from
gix times coverage with 60 days each during the period

1977-1993 to six times coverage within 60 days over the period



Table 4.12 Impact of Aircraft Lead Time on Total Program Cost
of 25/HA/GT Coverage of the U.S5. at Level II and at
Indicated Annual Freguency and During Indicated
Time Window--Automatic Classification--Allowable
Cloud Cover (0 - 10%) (Million of 1973 Dollars
Discounted at 10% to 1974)

Aircraft Lead Times (in davs)
F.8. Coverage ’ 5 days 14 days
4 time at °0 days - 966.1 881.6
& times at 60 days 1203.0 1045.3
8 times at 45 days 1563,2 - - 1285.5

1977-1980 and eight times coverage within 45 days each over
the period 1981-1%93. The cost-effectiveness analysis for
these projected demand levélsris based upon automatic data
Processing methods whichrpreviously wére shown to‘be economic-
ally preferred over manual méthods. Table 4.13 displays the
total program cdéts for the lowest cost "with™ and "without"
satellite systems to satiéfy theée future demand levels

given a user allowable cloud cover requirement of 0-30%,

Also éhown are the net present values (discounted cost savings)
of the lowest cost‘"with“ satellite system relative te the
‘lowest cost "without" satellite systeﬁ,and the eguivalent un-
discounted annual cost savings of the "with" satellité system

over the period 1977-1993. Table 4.14 provides corresponding

results for an allowable cloud cover reguirement of 0-10%.



As indicated in:these table;, the annual economic benefits
(cost savings) of ERTS as a component of a Nationwide Land
Cover Infogmation System are projécted to range from $7.9 to
.§$17.0 million.or from $2i.0-to $3?31'million“depending upon -
the user cloud cover requirément. The best point estimate
of the annﬁal cost savings that accrue to ERTS %s rrobably

defined by the middle of the projected range of cost savings,

this being $23 million.

4-69
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' Table 4,13

Discounted Total Program Cost (1977-1993) to Satisfy the Projected

Future Nationwide Demand for Land Cover Infoermation -- Level IT

Information ~-~ Autematic Data Processing -~ Allowable Cloud Cover
(0~30%) (Millions of 1973 Dollars Discounted at 10% to 1974)

) Eguivalent
. .. Undiscounted
811 Aircraft .| Lowest Cost Met Annual Cost
. System With Present Savings
Projected Level II Demand Satellite sSysten| Value 1977-1993
1977-1993 Six times at 60 days 815.9 ; 758.4 57.5 7.9
HA/GT ' 28/HA/GT
1877-1984 six times at 60 days 892.3 .. 797.4 94.9 13.0
1985-1993 Fight times at 45 HMh/GT 28/HA/GT
days ‘ o . .
1977-1980 Six times at 60 days 954.2 829.9 124.30 17.0
1981-1%93 Eight times at 45 . HA/GT- 25/8BA/GT '
days ’




1L-7%

Table 4,14 Discounted Total Program Cost (1277-19%3) to Satisfy the Projected

Future Nationwide Demand foxr Land Cover Information -- Level II
Information -- Autematic Data Processing -- Allowable Cloud Cover
(0-10%) (Millions of 13873 Dollars Discounted at 10% to 1974)
Eqdivalent
' Undiscounted
All Aircraft Lowest Cost Net Annual Cost
_ System L] With . Present Savings
Projected Level II Demand ‘ ‘ Satellite System | Value 1977-19293
1977-1993 Six times at 60 days 1137.6 984.5 153.1 21.0.
: : HA/GT 3S/EA/GT
A .
1977-1%84 Six times at #0 davys 125%1.0 1032.5 218.5 30.0
1985-1993 Eight times at 45 days EA/GT 368/HA/GT
1977~1980 Six times at 60 days 1342.7 1072.0 270.7 37.1
1981-1993 Eight times at 45 days HA/GT 38/BA/CGT

Legend:

refers'to an ERTS3

refers to high altitude aircraft (UZ2)
refers. to low altitude aircraft and

type satellite

greund survey follow-up teams




APPENDIX I

Federal Budgetary Activities Potentially
Impacted by Rgpote Sensing

The;programs.and activities of federal governmeng agencies
have been researched to determine the-potential budgetary. impact
of remote sensing and ERTS. The budgetary figures listed.in this
appendix represent money regquested for land cover.programs. The
- amount spent fbr remote sensing wvaries accofding to the information
requirements of the'program. In many cases, the expenditures for
remote sensing represent only a very émall per cent of the budgét
request with ERTS sharing a varying proportion of this cost.

Those prograﬁs which can be said to be greatly impacted by ERTS
are noted by an asterisk (*).

The‘sourdes used for this appendix are: Office of Manage-
ment and Budget Féderal Mapping Task Force Rebgrt, 1972; House
appropriations Hearings (Agriculture); House Appropriations Hear-
ings (Interior); Hduse Appropriatians Hearings (Public Works):;
House Appropriations Hearings (Special Energy)}: Senate Appropria-.
tions (Interior); appendix, FY 1975 Budget; and Army Corps of
Engineers Circular, March 25, 1874, Taﬁle 3.

Figure 1 displays_the FY 1972.budget:of the varipus Federal
departments and agencies for land-cover information programs.

These budgetary figures wére determined by considerinq all programs

relevant to land cover activities out of all mapping, charting,



and geodesy activities within each agency. The same figures for
FY 1973, FY 1974, and FY 1975 were lacking in detail for the agency
breakdown. The available figures for these three years are given

I

{
in the table in Appendix I; the last page of this table summarizes

TEL LT

the budgetary information by'Federai.departments.
Conéidering the present demand for remote sensing_

‘!information,;it seems likely that ERTS will have a substantial

impact on future budgetary figures'used by Federal agencies for

land cover programs.
i
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APPENDIX X ~ Federal Budgetary Demand

Budgetary Request (§ 000)

) Federal
Department . 7 Fiscal
Agency ‘ . ' ) Year

Item : 1372

Department of Agriculture
Rgriculture Stabilization
and Conservation Service
*Water Bank Act (60 USC 1301)

Aerial Photography ' 2,633

Porest Service
*Forest Resource Evaluation
(Primary Forest Survey}

Forest Survey 3,421
"
., *Land Classification - RA
Planimetric Maps : 280
Project Maps 808

Fiscal
Year
1973

1¢,000

NA**.

3,544
3,293

461

NA

NA

Fiscal Fiscal

Year Year-
1974 1975 .
10,000
NA NA
©. 3,649 3,820
NA  FA
'7875J © 825
NA . NA
NA NA

Source

House Appropriations
(Agriculture) Fiscal
Year 1975

OMB Federal Mapping Report,
p. 63

‘House Appropriations (Inter-

tor) Fiscal Year 1975,
. 282 (60 UsSC 581)

The Senate Appropriations
(Interior) Fiscal Year
1973, pp. 1742~1744

Houge Appropriations {(Inter-
ior) Fiscal Year 1975,
P. 193 a :

t

OMB Federal Mapping Report,
p. 63

OMB Federal Mapping Report,
p. 63

* Programs estimated to be'significantly impacted by an operational ERTS system.

**% NA means not availlable.



Department -
Agency . [
Item

Aerial Photography

*S0il and Water Science
from Management Support

Thematic Mapping

Topographic Maps

[}
i

ASoil Conservation Service
" *Land Inventory and
" Monitoring

Other Maps

Photos

Project Maps

APPENDIX I - Federal Budgetary Demand (Conﬁinuod)

Federal Budgetary Reguest ($ 000)

Fiscal Fiscal Fiscal Fisecal
Year Year Year Year
1972 1973 1974 1875
1,693  NA . NA - NA

NA 7,232 8,333 8,900
1,077 NA . NA WA
614 ° Na . NA " NA
NA. “NA 8,000 NA
198 NA NA NA
1,626 - NA © NAa  NA
225  NA NA CNA

Socurce

OMB Federal Mapping Report,

p..63

House Appropriations (Inter-
ioxr) Fiscal Year 1975,
p. 173

‘-OMB_Federal ﬁapping Report,

. 63°

OMB Federai Mapping Rebcrt.
pP- 63

Senate Appropriations. {Inter-

. dor) Fiscal Year 1973

'OMB Federal Mapping Report,

"ps 63

" OMB Federal Mapping Report,

p. 63

OMB Federal Mapping Report,
p. 63
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APPENDIX I ~ Federal Budgetary Demand

Federal Bﬁdgetary Request {§ 000)

Department . = . . - Fiscal Fiscal Fiscal Fiscal
Agency | : s Yeax Year Yaar Year
1972 1973 1974 1975

~*The River Basin Surveys ‘ "
and Investigations . . HA ‘11,452 13,585 14,227

(P.L. 83-566) .

. *Snow Survey A NA NA NA 2.450

35,982 | |44,3544 [31,122

Department of Agriculture TOTAL'12,57$

{Continued) -
Sourcse

‘House Approprilaticns (Agri- .
culture) Fiscal Year 1975,.
" p.. 250

House Rppropriatiens {Agri-
culture) Fiscal Year 1975,
p. 352 :



_APPENDIX I - Feﬁeral'ﬁtdgetarylbemand {Continued)

- Department
Agency
Item

Department of Commerce

The Bureau of Census
1974 census of Agriculture

- Other Maps

Planimetric Maps

S
Environmental Research
Laboratoxries, NOAA

"Other Maps

O0ffice of Coastal Environ-
ment, NOAA
*Coastal Zone Management

Department of Commerce TOTAL

Federal Budgetary Request (§ 000)

Fiscal Fiscal Fiscal Fiscal
Year Year Year Year
1872 1973 1974 1975
NA NA .- 1,963 8,422

t182 NA NA KA

774 NA NA NA

140 NAS NA. WA
_NA NA 12,000 12,000
1,096 0 13,963 | {20,422

"Source .

'*Appendix, FPiscal Yeaxr 1975

Budget, p. 227

. OMB Federal Mapping Report,

p. 63

‘OMB Fede:gL'Mapping Report,

p. 63

OMB Federal Mapping Report.

. pP. 63

o .

Appendix,, Fiscal Year 1975
Budget, p. 245



APPENDIX I - Federal Budgetary Demand (Continued)

Department
Agency
Item

Department of Defense

Corps .of Engineers, U.S5. Army
*Comprehensive Basin
Stu@ies

Data Communications
Dicgital Processinag
' *EnvironmentaliImpact

Flood Plain Mapping

*Inventory of Dams

ey

*Land Cover

Other Maps

Federal

Budgetary Request (5 000)

Fiscal
Year
1972

A

NA

NA

HA

NA

INA

o NA

306

Fiscal Fiscal  PFiscal

Year’ Year Year
1973 .. 1974 : 1975u
.3,575'.. 3,000 J'SOOuK
120 . 126 | 249
NA ;f. 14 NA
7@ ; 35 . .i;;
NA ' ; 31 ‘Qa{
600 . 1,500 .”1’500
65 .115'.;';-149"
NA . NA | NA

“Source

Appendix, Fiscal Year 1975,
Budget, p. 358,

Army CE Cixrcular, March 25,

1974, Table 3, A-12

‘Army CE €ircular, March 25,

19274, Table 3, A-1l2

hrhy CE Circular, March 25,

1974, Table 3, A-1l2

.

- Army CE Circular, Maxch 25, 3

1974, Table 3, A-12

u
'

“

Appendix, ?1§¢g} Year 1973

Budget, p. 358

"hrmy CE Cirgular, March 25,

'"1974, Table 3, A012

OMB Federal Mapping Repcrt,'
p. 63



APPENDIX I ~ Federal Budgetary Demand {Continuvead}

~ Federal Budgetary Request ($ 000)
Department ' Fiscal Fiscal Fiscal Fiscal

-Agency ‘ ' Yeax . Year Year .. Year N e Bourcer o
Item o la7z2 1973 1974 . 1975 " ’
Photos . 1,006 NA NA . NA OMB Federal Mapping Report,
. - p. 63
Project Maps . 2,177 Na NA NA OMB Federal Mapping Report,
Topographic Maps 664 NA . WA - HA OMB Federal Mapping Report,
o : : p. 63 .
‘Defense Mapping Agency -
Photos i 930 NA WA ' NA  OMB Féderal Mapping Report,
) ! . B ' s . ' Pa 63 . . )
Project Maps ‘ . 300 LY ' ix.ﬂA‘- ;_ NA ‘OMB Federal Mapping Report,
Topographic Maps ' ‘700 ®A ' NA | N OMB Fedé:ai‘napﬁinq Report,
: ) . L P ‘63 £ - .
_ Mississippi River Commission’
U.s., Army
Photos : Na NA NA OMB Federal Mapping Report,

P 63
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APPENDIX I ~ Fedexal Budgetary Demand (cOnt;nggd)‘

Federal Budgetary Request ($ 000)

Department - Fiscal Fiscal -, Fiscal Fiscal
Agency _ . , Year .. Year - Year Year ' o Source
Item o 1972 1973 - 1974 . ° 1975
Project Maps ’ 171 NA . NA .NAa OMB Federal Mapping Report,
St p. 63 .
Topographic M&bs : 166 NA - NA N ‘,OMB:Egdefél ¥apping Répozt,
' - - ; 'p. 63 .

Department of Defense TOTAL 6,4281 [4,830] - [a,815] [5,483
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APPENDIX I «~ Federal Budgetary Demand (Continued)
Federal

Budgetary Requést'(s 000)
Fiscal Fiscal Fiscal Piscal
Agency Year Year * Year Year Source
Itenm . 1972 1973 1974 1975
Department of the Interiox -
Bonneville Power Administration . . - . OMB Federal Mapping Report,
Project Maps Y712 Na NA Ra p. 63 v
Bureau of Indian Affairs
Photos 21 . Na " NA - NA OMB Federal Mapping Report,
. ' . P 53 - .
Pianimetric Maps 75 NA "NA ‘ . NaA OMRBR Federal quping Report,
' ‘ L .. p. 63
Bureau of Land Management
aForestry i §A 7,721 8,256 _ 8,998  House Appropriations (Intex-
. : . o ’ ' " lorxr) Fiscal Year 1975, Pt.
. III, p. 485
Other Maps 1,384 NA ‘ NA NA OMB Feder%l Mapping Report,
: p. 63 ° o
Photbs '50 NA ‘NA HA - - OMB Federal Mapping Report,
L : ‘ p. 63
Planimetric Maps - 230 - NA .NA: +HA OMB Federal Mapping Report
' p. 63 :
Project Maps 242 NA NA “NA

OMB Federal Mapﬁing Report,
p. 63 '
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APPENDIX I =~ Federal Budgetary Demand (Continued)

Department

Agency
Item

*Range Management

Recreation &‘Wild Life

Research Management
Conservation & Protection
*Land & Minerals Management

50il & Watershed
Caonservation

[y

1

Bureau of Mines

Project Maps s '

Bureau of Sports, Fisheries
& Wildlife :

*Comprehenéive Natural
Resource Planning

Fedcral Budgetary Request ($ 000)

Fiscal Piscal
Year Yeay -
1972 1973

NA . 7.1092

S NA - -19,128

NA 13,387
“ 205 . NA
NA NA

Fiscal
Year
1974

©7.873

. 6,606

126,409

14,341

NA

2,563

Fiscal
Year
1975

9,133

- 9,513

45,731

16,565

Ra

3,613

Source

House Appropriations (Inter-
ior) Fiscal Year 1975, Pt,
III, p.485

House Appropriations (Inter-
ior) Fiscal Year 1975, Pt.
"III, p. 485

House Appropriations (Inter-
ior}) Fiscal ‘Year 1975, Pt.
III, p. 485 :

House Appropriations (Inter-
ior) Fiscal Year 1975, Pt.
11T, p. 485

OMB Federa} Mapping Report, .

p. 83 . _ :

House Appropriations (Inter-
- "ior) Fiscal Year 1975, Pt.
IV, p. 541
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APPENDIX I - Federal Budgetary Demangd (antinuéd)

Department .
Agency ‘ '
Item

*Increased Spending -
Coastal Ecosystems

*Increased Spending for
National Wetlands
Inventory

*Increased Spending for
Westexrn Water Allocation

ELN
i

~Bureau of Reclamation

Photos i
Project Maps

Geological Survey

*Farth Resource Observation
Systems (EROS)

Federal Budgetary Reguest (5 000}

Fiscal
Year
1872

NA

‘nA

NA

-19

905

NA

Fiscal -
Year
1973

NA

NA

NA

NA

LAF:

.'7; 689

Fiscal Fizcal
Year Year
1974 1975
NA C 4500
NA 4600
"NA . . #350
‘NA . Na
NA NA

' 8,954 7.573

Source

House Appropriations (Inter-
“ ior) Fiscal Year 1975, Pt.
IV, p. 546

House Appropriations (Inter=-
ior) Fiscal Year 1975, Pt.
IV, p.547 .

.
Y

" House Appropriatidns [Intér-

ior) Fiscal Year 1975, Pt.
1v, p. 546

OMB Federal Mapping Réport,'
p. 63 S

-«
)

OMB Federal Mgpping Report, -
p. 63

- Howse Appropriations (Special.

" Energy) Fiscal Year 1975,  °
pp. A72«476. ‘ T,

OMB Federal Mapping Report,
p. 63 ,
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APPENDIX I ~ Federal Budgetary Demand {Continued)

Federal Budgetary Request (S 000)

Department ' ' . Fiscal Fiscal Fiscal Fiscal -
Agency ‘ Year . Year Year - =~ Year . . . 7 "Source

Ttem 1972 - 1973 7 1974 . 1975

Land Resource Analysis

Program X © NA . 1,000 NA j:;ﬁA ‘Senate Appropriations - (Inter-
: . : ior) Fiscal Year 1973,

. L - . p. 601

*Land Use & Data Analysis - . :

Pragram (LUDA)} NA NA NA 2,508  House Appropriations (Speclal
L : . e Energy) Fiscal Year 1975,

o pp. 478-480 '

*The Resource & Land | . ,4‘ . L ] ‘h. House Appropriétions ﬁSpeéial
Investigations {RALI) ~ NA HA L. 944 954 ~ Energy) Fiscal Year 1975,
| N ‘. p. 477 ° '
*Special Resource and o o o ‘ House Appropriations (Special

Enviroamental Projects : . o , Energy) Fiscal Year 1975,
(Urban Area Studies) NA .. 9§6,7 1,020 1,027 A Be 407

Topographic Division, GS ch

i

Topographic Maps 28,100 . NA . | NaA : NA  OMB Pederal Mapping Report,

Jp. 63
Photos ' . : . 1,540 NA . NAa . NA " OMB Federal Mappirg Report,
‘ . - : ‘ - - ‘p. 63 . .
Increased Spending fof ) . ' ' House Appropriations (Special

" High Altitude Photography NA NA L NA N +900 Energy)} Fiscal Year 1975,
o o p. 414 '
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APPENDIX I ~ Federal Budgetary Demand

Department
Agency
Item

Small Scale & Special-
Mapping

*Small Scale & Special
Mapping :

Water Resources Division, GS

Other Maps

National Park Servige

Land Use Sﬁhdies

Other Maps ' B
' Project'Maps

Office of Land Use & Water
Planning

Department of fhe Interior .
TOTAL'

Federal Budgetary Request ($ 000)

{Continued)

Fiscal FPiscal Pigsecal Fiscal
Year Year - Year . Year Source
1972 18713 . 1974 1975 |
] OMB Federal Mapping Report,
1,198 NA NA NA P. 63 T
- - . 7 . House Appropriations (Special
HNA 1,793 2,349 2,775 Energy) Fiscal Year 1975,
. . p- 415 .
44 NA NA ) ~NA OME Federal Mapping Réport,
S '